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ABSTRACT
Trees were sampled f rom r a d i a t a  p ine  s tands in the 
A u s t r a l i a n  C a p i ta l  T e r r i t o r y ,  cu t  i n t o  A .95 m logs and conve r ted  i n t o  
board and s c a n t l i n g  s i z e s  using p rede te rm ined  sawing p a t t e r n s .  A f t e r  
k i l n  d r y in g  and m ach in ing ,  the  s c a n t l i n g  t im b e r  was v i s u a l l y  and 
m e c h a n ic a l l y  graded and the boards v i s u a l l y  graded.  Values were assigned 
to  each recovered p iece  o f  t im b e r .  The d iamete r  o f  the branches a long 
the t r u n k s  o f  many o f  the t re e s  were measured as w e l l  as the  d iameters  
o f  the  ends o f  a l l  the  logs .
The stands sampled were in f o u r  age c la s s e s  as f o l l o w s :
36 -  38; 30;  23 and 19 years .  The 36 -  38 year  o ld  s tands were f rom
areas o f  d i f f e r i n g  s i t e  q u a l i t y  and s i m i l a r  s i l v i c u l t u r a l  t r e a tm e n t  and 
had been th inned  and low pruned.  The t h r e e  younger aged stands were a l l  
un th in ned .  The 30 year  o ld  stand con ta ined  a spac ing t r i a l ,  a l l o w in g  
the  e f f e c t  o f  spac ing on branch s i z e  t o  be s t u d ie d .
The data p e r m i t t e d  a d e t a i l e d  s tudy  o f  grade y i e l d  
p a t t e r n s  and log va lu es  f o r  v a r io u s  age c la s s e s ,  s i t e  q u a l i t i e s  and i n i t i a l
spacings f o r  both  v i s u a l  and mechanical  g ra d in g .  The e f f e c t  o f  spacing
on v a r io u s  b ranch ing  c h a r a c t e r i s t i c s  was a l s o  s tu d ie d  as w e l l  as the 
e f f e c t  o f  branch s iz e  on log v a lu e .
( I M )
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CHAPTER 1 
INTRODUCTION
1.1 ?>LOj <lcX  h J jitoK y .
T h is  work was s t a r t e d  in 1971 by Mr R.G. Buick as p a r t  
o f  a Ph.D. (A .N .U . )  p r o j e c t  c a l l e d  A spects  o f  th e  u t i l i z a t i o n  o f  r a d ia ta  
p in e  wood. The o r i g i n a l  p r o j e c t  was to  be in th re e  p a r t s :
1. A survey  o f  the  market  demand f o r  s t r u c t u r a l  t im b e r  and assessment 
o f  the  p o t e n t i a l  market  demand f o r  s t r u c t u r a l  r a d ia t a  p ine  in  the 
Sydney area.
2. An e xam ina t ion  o f  the  o p e r a t i o n a l  and economic aspects  o f  machine 
s t r e s s  g ra d in g .
3. An i n v e s t i g a t i o n  o f  the  p o t e n t i a l  supp ly  o f  s t r e s s  graded r a d ia t a  
p ine  f rom s tands o f  v a r io u s  s i t e  q u a l i t i e s  and s i l v i c u l t u r a l  
regimes.
The p r o j e c t  s topped in  1976, when Mr Buick  l e f t  the Departmer 
o f  F o r e s t r y ,  a f t e r  c o n s id e r a b le  e f f o r t  had been expended in  i n v e s t i g a t i n g  
the y i e l d  o f  s t r u c t u r a l  grade r a d i a t a  p ine  t im b e r  f rom stands o f  v a r io u s  
ages and s i l v i c u l t u r a l  t r e a tm e n ts .
In 1977 the  F o r e s t r y  Commission o f  New South Wales agreed 
to  a s s i s t  in  com p le t ion  o f  t h a t  p a r t  o f  the p r o j e c t  d e a l i n g  w i t h  the 
r e l a t i o n s h i p s  between age,  s i l v i c u l t u r a l  p r a c t i c e s  and y i e l d  o f  s t r u c t u r a l  
grades o f  r a d i a t a  p ine  t im b e r ;  a t o p i c  o f  c o n s id e ra b le  i n t e r e s t  to 
the  F o r e s t r y  Commission because i t  was a ra re  a t te m p t  to  marry s i l v i c u l t u r e  
and f o r e s t  management w i t h  the  e n g in e e r i n g  p roduc ts  d e r i v e d  f rom the 
f o r e s t .  I t  was a l s o  seen as a way o f  s tu d y in g  the mechanical  p r o p e r t i e s  
o f  r a d ia t a  p ine  t im b e r  in  l a r g e r  than normal s c a n t l i n g  d im ens ion ,  c u t  f rom 
t re e s  o f  known age and t r e a tm e n t .  The o r i g i n a l  work by Mr Buick was done 
be fo re  the  i n t r o d u c t i o n  o f  m e t r i c a t i o n  to  f o r e s t r y  and the f o r e s t  
i n d u s t r i e s ,  and t h e r e f o r e  im p e r ia l  u n i t s  were used. However, conve rs io n  to
2 .
m e t r i c  has been c a r r i e d  ou t  where a p p r o p r i a t e .
1.2 PtiojdcX. dz.valo'pmdYVt and o b jz c tiv z A .
Compartments were sampled in U r i a r r a  F o r e s t ,  the A u s t r a l i a n  
C a p i t a l  T e r r i t o r y  (A .C .T . )  m a in ly  to  de te rm ine  the  grades o f  sawn t im b e r  
recovered  f rom the  s tands .  They were to  be s t r a t i f i e d  by age,  s i t e  index 
and stand d e n s i t y ,  the t r e e s  cu t  i n t o  s tandard  log l e n g th s ,  the branch 
d iamete rs  measured and the  logs conve r ted  i n t o  s t r u c t u r a l  t im b e r  s i z e s .
The t im b e r  was to  be seasoned and then v i s u a l l y  and m e ch an ic a l l y  graded.
A sample o f  the t im be r  was to  be t e s t e d  to  d e s t r u c t i o n  in  the l a b o r a t o r y .
The p o t e n t i a l  b e n e f i t s  o f  t h i s  p a r t  o f  the p r o j e c t  were:
1. P lann ing  and F o re c a s t in g .
S t ress  grade d i s t r i b u t i o n s  by age, s i t e  index  and s t o c k in g  
d e n s i t y  g roup ings  would p r o v id e  a base f o r  f o r e c a s t i n g  the 
p o t e n t i a l  s u pp ly  o f  s t r u c t u r a l  grade r a d ia t a  p ine  w i t h i n  the 
A .C .T .  and cou ld  a s s i s t  l o n g - te rm  f o r e s t r y  p la n n in g .
2. Economic S tud ie s .
S t ress  grade d i s t r i b u t i o n s  would a l l o w  s im u la te d  economic 
s t u d ie s  o f  r o t a t i o n  le n g th .  Sawn, seasoned and dressed 
s t r u c t u r a l  r a d ia t a  p in e  r e a l i z e s  h ig h  p r i c e s  in  the market 
p la ce  so t h a t  s t r u c t u r a l  grade d i s t r i b u t i o n s  and grade p r i c e  
d i f f e r e n t i a 1s cou ld  p la y  a s u b s t a n t i a l  p a r t  in  d e te rm in in g  
the  economics o f  v a r y i n g  r o t a t i o n  le n g th s .  Var io us  p r i c e  
l e v e l s ,  market demand l e v e l s  and e f f e c t s  o f  management 
p r a c t i c e s  cou ld  be in c lu d e d  in the  s im u l a t i o n  models.
3. Saw-log Value.
A knowledge o f  s t r e s s  grade d i s t r i b u t i o n s  would a l l o w  the 
f o r e s t  manager to  p r e d i c t  the va lue  o f  logs to  i n d u s t r y .  
Saw m i l le rs  would a ls o  b e n e f i t  by knowing the  s t r u c t u r a l  and 
n o n - s t r u c t u r a 1 s i z e  and grade y i e l d s  f rom v a r io u s  log s i z e  
c la sses  us ing  sawing p a t t e r n s  designed to  o p t im is e  the p ro d u c t io n  
o f  s t r u c t u r a l  s i z e s .
3 .
k.  Mechanical  P r o p e r t i e s  o f  Large Width Radla ta  Pine S c a n t l i n g .
The mechanical  p r o p e r t i e s  o f  l a r g e r  than normal s e c t i o n  s i z e  
r a d i a t a  p ine  s c a n t l i n g  would be known and machine grading  
programs could be des igned  f o r  t he se  s i z e s .
5.  E f f e c t  of  Branch S ize  on Grade Recovery.
The e f f e c t  o f  branch s i z e  on grade r ecove ry  and t i mber  va lue  
could be s t u d i e d  as  wel l  as  the  e f f e c t  o f  c e r t a i n  s i l v i c u l t u r a l  
p r a c t i c e s  on branch s i z e .
4 .
CHAPTER 2
LITERATURE REVIEW
For many y e a rs ,  research  worke rs  have a t temp ted  to  l i n k  
p l a n t a t i o n  c o n d i t i o n s  w i t h  the wood p r o p e r t i e s  o f  t r e e s  d e r i v ed  f rom them 
and t h e i r  u t i l i z a t i o n .  Majo r  rev iews have been p ub l i s h e d  by Boyd (1 9 6 7 )3 
F ie ld in g  (1967a) 3B ra z ie r  (1976) and Bendtsen (1 9 7 8 ). Other rev iews 
d e a l i n g  w i t h  more s p e c i f i c  t o p i c s  in c lu d e  those o f  S jo lte -J o rg e n s e n  (1967) 
and E v e r t  (1971) on spac ing  e f f e c t s ,  G ladstone and Gray (1973) on 
f e r t i l i z a t i o n  e f f e c t s ,  S p u rr  and E s iu ng  (1954) on growth r a t e / s p e c i f i c  
g r a v i t y ,  Larson  (1969) and D a d s u e ll (1958) on g row th ,  wood fo rm a t io n  and 
wood q u a l i t y ,  Noskowiak (1963) on the  causes o f  s p i r a l  g r a i n  and Zobe l 
(1961) on the h e r i t a b i l i t y  o f  wood p r o p e r t i e s  ( f rom B endtsen3 1978 ).
R e id  (1963) d e a l t  w i t h  wood q u a l i t y  in  c o n i f e r  p l a n t a t i o n s  
in New Zealand and Bunn (1970) rev iewed the  development o f  sawlog regimes 
f o r  r a d ia t a  p ine  in  New Zealand and p resen ts  some data on the e f f e c t s  o f  
some s i l v i c u l t u r a l  p r a c t i c e s  on t r e e  g rowth .  T h is  paper was p resen ted  a t  
a symposium on r a d i a t a  p in e  he ld  a t  the  Department o f  F o r e s t r y ,  the 
A u s t r a l i a n  N a t iona l  U n i v e r s i t y  a long  w i t h  many o th e r  " s t a t e  o f  the a r t "  
papers c ove r ing  most aspec ts  o f  the g row in g ,  h a r v e s t i n g  and u t i l i z a t i o n  o f  
t h i s  spec ies .
Bendtsen (1978) w ro te  a rev iew  o f  the l i t e r a t u r e
on the wood p r o p e r t i e s  o f  improved t r e e s  grown under i n t e n s i v e  management. 
He l i s t s  some o f  the many reviews p u b l i s h e d  concerned w i t h  improved t r e e -  
wood p r o p e r t i e s  and g ives  v a lu a b le  i n s i g h t s  i n t o  the u t i l i z a t i o n  o f  much 
o f  the  wood produced f rom i n t e n s i v e l y  managed f o r e s t s .  One o f  the s t a te d  
aims o f  h i s  rev ie w  was
. . . t o  cause those in v o lv e d  in t r e e  improvement and 
management programs to  be aware o f  the p o t e n t i a l  e f f e c t  
o f  t r e e  m a n ip u la t i o n  on wood p r o p e r t i e s  im p o r ta n t  to  
s o l i d  wood u t i l i z a t i o n .  We a ls o  have t r i e d  to  a l e r t
5 .
those Tn the s o l i d  wood I n d u s t r y  to the changing 
resource  so t h a t  they  may a n t i c i p a t e  and p repare  f o r  
modi' f  Teat ions as r e q u i r e d .
He c o n t inues
Much o f  the l i t e r a t u r e  rev iewed d e a l t  w i t h  f i b e r  
p r o p e r t i e s  or  p r o p e r t i e s  o f  c l e a r  wood. None o f  the 
research  we reviewed conce rn in g  f u l l  s i z e d  lumber was 
designed to  r e l a t e  mechanical  p r o p e r t i e s  o f  lumber to  
f i b e r  c h a r a c t e r i s t i c s  o r  to  make d i r e c t  compar ison 
between the mechanical  p r o p e r t i e s  o f  j u v e n i l e  and 
mature wood.
and conc ludes ,
End use needs shou ld  be c l o s e l y  i d e n t i f i e d  and 
communicat ion between s o l i d  wood p ro c es s o rs ,  g e n e t i c i s t s ,  
and f o r e s t  management s c i e n t i s t s  shou ld  be c l e a r l y  
e s t a b 1ished.
In f a c t  ve ry  l i t t l e  work has been done to  l i n k  the p r o p e r t i e s
o f  f u l l  s i z e d  s e c t i o n s  (as opposed to  f i b e r  p r o p e r t i e s  and c l e a r  wood
p r o p e r t i e s )  w i t h  p l a n t a t i o n  c o n d i t i o n s .  Most has been in the  form o f
" n o n - d e s t r u c t i v e "  grade recovery  s t u d ie s  us ing p l a n t a t i o n s  v a r i o u s l y
t r e a t e d ,  and w i t h o u t  good c o n t r o l  over  o r  knowledge o f  independent  v a r i a b l e s
t h a t  m igh t  i n f l u e n c e  t im b e r  q u a l i t y  such as g e n e t i c  h i s t o r y  and l o c a t i o n
v a r i a b l e s  ( e .g .  s o i l  type  and f e r t i l i t y ,  m o is tu re  a v a i l a b i l i t y ,  d ra ina g e ,
tem pera tu re  e t c . ) .  To gauge the e f f e c t s  on q u a l i t y  o f  p a r t i c u l a r
s i l v i c u l t u r a l  regimes o r  o f  p a r t i c u l a r  s i t e s  as many o f  these v a r i a b l e s  as
p o s s i b l e  must be e l i m i n a t e d  o r  shown to have such a smal l  e f f e c t  as to  be
in c o n s e q u e n t i a l .  For example,  W vigh t (1967) i n v e s t i g a t e d  the  v a r i a t i o n  in
log q u a l i t y  in r a d ia t a  p in e  stands o f  v a r io u s  s i t e  q u a l i t i e s  in fo u r
l o c a l i t i e s  in V i c t o r i a  and conc luded:
Branch s i z e ,  nodal  s w e l l i n g ,  green le ve l  and bark 
t h i c k n e s s  each inc reased  w i t h  s i t e  index  in each l o c a l i t y .
On the o th e r  hand,  tap e r  decreased w i t h  in c r e a s in g  s i t e  
in dex .  V a r i a t i o n s  in these parameters  a l s o  occur red  
between s tands o f  s i m i l a r  s i t e  index  in d i f f e r e n t  l o c a l i t i e s .  
In g e n e r a l ,  be tween-1 oca 1i t y  d i f f e r e n c e s  were as g re a t  as 
w i t h i n - l o c a 1i t y  d i f f e r e n c e s .
6 .
Wright  a l s o  found t h a t  t r e e  d iam ete r  and branch d iamete r  
were c l o s e l y  c o r r e l a t e d  i r r e s p e c t i v e  of  s i t e .
D esp i te  the obv ious  l i m t a t t o n s ,  much use fu l  in form at ion  
can be o b ta in e d  from p u b l i s h e d  grade  r ecovery  s t u d i e s .  Most work of  
t h i s  type using r a d i a t a  p ine  has taken  p la c e  in New Zealand (N.Z.) and 
i t s  genera l  a p p l i c a t i o n  to A u s t r a l i a  must be approached w i th  cau t ion  
because o f  major d i f f e r e n c e s  in s i t e  c o n d i t i o n s .
Most of  the  grade r ecove ry  s t u d i e s  c a r r i e d  ou t  have 
c o n c e n t r a t e d  on de te rm in in g  p e r c e n ta g e  grade  y i e l d s  and sawn t imber  va lue  
o f  t r e e s  from softwood p l a n t a t i o n s ;  sometimes e s t i m a t i n g  th e  e f f e c t  o f  
age ,  s i t e  o r  s i l v i c u l t u r a l  t r e a tm e n t  on va lue  and grade o u t t u r n .
In North America most s t u d i e s  have been c a r r i e d  out  us ing 
n a t u r a l  softwood s t a n d s  and the r e s u l t s  would not  n e c e s s a r i l y  be a p p l i c a b l e  
to  s t u d i e s  o f  softwood p l a n t a t i o n s .  However, i n t e r e s t i n g  s t u d i e s  have 
been r e p o r te d  by Newport and Amidcn (1961) on young growth pondersoa p in e ,  
McBride (1961) on pruned Douglas f i r ,  Dobie and McBride (1964) on second growt 
Douglas f i r ,  K erbes and M cIn tosh  (1968) on s p ru c e ,  S ch ro ed er  e t .  a l .  (1968) 
on sou the rn  p in e  and Dobie (1978) on small  log y i e l d s  from s p r u c e - p i n e - f i r  
com bina t ions .  Other r e c e n t  s t u d i e s  in the  U.S. have c e n t r e d  around 
e v a l u a t i o n  o f  lumber q u a l i t y  in b e e t l e - k i l l e d  sou th e rn  p ine  e . g .  S i n c la i r  
e t .  a l .  (1977), S in c la i r  and I f j u  (1979) and Dobie and W right (1978).
The Dobie and McBride (1964) y i e l d  s tudy  o f  t h r e e  age c l a s s e s  
o f  second growth Douglas f i r  showed h igh  grade  logs producing  t imber  worth 
$94.99 (per  u n i t  volume of  lumber) f o r  80 year  o ld  t r e e s ,  $95.50 f o r  100 
yea r  o ld  t r e e s  and $110.88 f o r  150 y e a r  o ld  t r e e s .  The la rg e  in c r e a s e  in 
va lue  f o r  the 150 y e a r  t r e e s  was due to a l a rg e  p e rce n tag e  of  c l e a r  grade 
lumber (42%) compared to the 100 y e a r  o ld  t r e e s  (7%)* Timber va lue  a l s o  
in c re a s e d  from $96.79 (per  u n i t  volume o f  lumber) to $118.09 as log d iam ete r  
in c re a s e d  from 12 inches  (305 mm) to 33 inches  (838 mm) fo r  high grade logs .
7 .
Low grade logs produced t im b e r  w o r th  $91.05,  $91.49 and $93.52 per u n i t
volume o f  lumber f o r  the 80,100 and 150 year  age c lasses  r e s p e c t i v e l y .
The small  increase  in va lue  was due to  the  small  percen tage
o f  c l e a r  lumber ob ta ined  f rom a l l  t h r e e  age c la s s e s .  Lumber va lue d id  n o t
inc rease  w i t h  log s i z e  f o r  these low grade lo gs .  U n f o r t u n a t e l y  no log
g rad ing  r u le s  were g iven in the paper.
Dobie and McBride^ op, e i t ,  a l  so found t h a t  f o r  both log grades
an 80 year  o l d  stand o f  s i t e  index  150 produced the  same v a lue  t im be r  (per
u n i t  volume o f  t im b e r  produced) as d id  a 100 year o l d  s tand o f  s i t e  index
135, thus i n d i c a t i n g  t h a t  " t h e  e f f e c t  o f  s i t e  was to n u l l i f y  the age
d i f f e r e n t i a l  and e q u a l i z e  the lumber v a lu e s " .  B u t t  logs produced the
h ig h e s t  va lue  t im ber  ($112.15) second logs the nex t  h ig h e s t  ($102.18) and
o th e r  logs the lowest  ($ 9 0 .7 9 ) .  Th is  was due to a 46% c l e a r  wood y i e l d
f rom the b u t t  lo g s ,  18% from the second logs and o n l y  3% f rom the o th e r s .
High grade logs averaged $17 more per  u n i t  volume than low grade logs .
The Dobie and McBride work a ls o  in c lu d e d  a s tudy  o f  the
e f f e c t s  o f  v a r io u s  t r e e  and log c h a r a c t e r i s t i c s  on lumber va lu e  per u n i t
volume o f  t r e e  f o r  the o l d e s t  (150 year )  age c la s s .  The c h a r a c t e r i s t i c s
s tu d ie d  inc luded  -  d iam e te r  a t  b re a s t  h e i g h t  ( d b h ) , t r e e  h e i g h t ,  t r e e  form,
h e ig h ts  o f  f i r s t  d e a d / l i v e  l im bs ,  crown le ng th  as a percen tage  o f  t o t a l
h e i g h t ,  crown d e n s i t y ,  crown w i d t h ,  crown c lass  and s i t e  index .  Nine o f
the v a r i a b l e s  t e s te d  showed s i g n i f i c a n t  c o r r e l a t i o n  w i t h  lumber v a l u e / u n i t
volume o f  t r e e .  Increases  in d iam e te r  (D) , D , D x t r e e  h e i g h t ,  t re e  form,
p e rcen t  l i v e  crown, crown d e n s i t y ,  crown w i d t h ,  s i t e  index  and crown c lass
were accompanied by an inc rease  in t r e e  v a lu e .  The most im p o r ta n t  s i n g le
2
v a r i a b l e  was crown w id th  w i t h  an R o f  0 .53  and the most im p o r ta n t  p a i r
2
were crown w id th  and crown c la ss  (R = 0 .681 .  Diameter  and s i t e  index in
2
combina t ion  had an R o f  0 .58 .  Crown c la s s  and dbh, crown w id th  and dbh
2
and crown w id th  and s i t e  index had R o f  0 .6 4 ,  0 .60 and 0 .63 r e s p e c t i v e l y .
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Kerbes and Main to  sh  (1968) i n v e s t i g a t e d  the  r e l a t i o n s h i p s  
between lumber recovery  va lu e s  and e x t e r i o r ,  v i s i b l e  log c h a r a c t e r i s t i c s  
fo r  a m ix tu r e  o f  Engelmann sp ruce  and w es te rn  w h i t e  sp ruce  in Canada. They 
found log top  d iamete r  the  most im por tan t  c h a r a c t e r  i s t ic  bu t  the  number 
of  c l e a r  s i d e s  and pe rce n tage  o f  d e f e c t  due to  r o t  and sweep were a l s o  
im p o r ta n t ,  depending on the  f requency  o f  the  c h a r a c t e r i s t i c  and the  type 
of  logs sawn. "Other f a c t o r s ,  such as  the number and s i z e  o f  k n o t s ,  log 
t a p e r  and p o s i t i o n  in t r e e ,  were a l s o  s i g n i f i c a n t ,  but  in t h i s  s tudy  did  no t  
improve the  r e g r e s s i o n s  enough to  j u s t i f y  the  a d d i t i o n a l  measurements. "  
i . e .  the  n a t u r a l  v a r i a b i l i t y  o f  t h e s e  f a c t o r s  in such f o r e s t s  is  presumably 
too small t o  a f f e c t  t h e  r e s u l t s  s i g n i f i c a n t l y .
P ersson  (1975) working in Sweden on p l a n t a t i o n s  o f  70 yea r  
o ld  Scots  p ine  having i n i t i a l  squa re  sp ac in g s  o f  0.75 m, 1.25 m, 1.5 m,
2.0 m and 3.0 m found t h a t  "For a l l  methods (v i s u a l  and machine g rad ing)  
the  q u a l i t y  o f  the  c e n t r a l  s e c t i o n s  o f  the  bottom logs s e r i o u s l y  decreased  
w i th  i n c r e a s i n g  i n i t i a l  sp a c in g .  For the  second and t h i r d  logs the e f f e c t  
o f  s pac ing  was more o r  l e s s  l e v e l l e d  o u t " .  U n f o r tu n a t e ly  no t r a n s l a t i o n  o f  
the  paper  i s  a v a i l a b l e  so P e r s s o n ' s  r ea sons  fo r  h i s  r e s u l t s  cannot  be 
p r e s e n t e d  h e r e .
A number of  grade studies have been carried out in New 
Zealand (N.Z.)  on radiata pine stands.
Fenton and FccnrLtton (1961) s t u d i e d  grade  y i e l d s  o f  boards  
(25 mm th i c k n e s s )  from 41 yea r  o ld  r a d i a t a  p ine  t r e e s .  They found the 
recovery  of  h igh  grade m a te r i a l  was poor f o r  a l l  log p o s i t i o n  c l a s s e s ,  the  
major d e f e c t s  p r e s e n t  in the sawn t im ber  being bark  encased  k n o t s ,  cone stem 
h o le s  and p i t h  a s s o c i a t e d  w i th  low d e n s i t y  corewood and sp ike  k n o t s .  Degrade 
due to bark  encased  knots  " . . . f o l l o w e d  the  a n t i c i p a t e d  p a t t e r n  -  most 
o c c u r r i n g  in the b u t t  and second logs and becoming p r o g r e s s i v e l y  le s s  
f u r t h e r  up the  t r e e " .  However, "The e f f e c t  on grade recovery  o f  the
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d e c r ea s i ng  i nc i de nc e  of  branch encasement  from b u t t  to top log was l a r g e l y  
n u l l i f i e d  by t h e  I nc r ea s i n g  i n c i d e n c e  o f  cone stem h o l e s " .  The o r i g i n a l  
s t and  from which the  sample t r e e s  were  cu t  "had been low and high pruned and 
th i nned  t h r e e  t i mes ,  but  the t e nd i ng  had been too l i g h t  in i n t e n s i t y  and 
had been t imed too l a t e  t o  be e f f e c t i v e  in improving grade  r e c o v e r i e s " .
The a u t h o r s  a l s o  d i s c u s s  in d e t a i l  t he  r e l a t i o n s h i p  between 
s i l v i c u l t u r e  and t imber  q u a l i t y  in the l i g h t  of  the  s tudy  and d e t a i l  po i n t s  
they f ee l  a r e  impor tant  in s e l e c t i n g  f i n a l  crop t r e e s  o f  r a d i a t a  p i ne .
These a r e  summarized:
1. Trees  must be as s t r a i g h t  as p o s s i b l e .
2. Range and mean o f  branch d i amet e r s  must be as small  as p o s s i b l e .
3. Branch angle  must be high ( r e l a t i v e  to t r u n k ) .
4. Trees  must be f r e e  o f  nodal  s w e l l i n g s .
5.  T rees  should have no cones on the  t runk  to the  15 m l e v e l .
6.  Tree v i gour  should  not  be a l lowed to predominate  over  the
c r i t e r i a  o f  q u a l i t y  a l r e a d y  g iven .
7. Other  c r i t e r i a  o f  concern to t he  g e n e t i c i s t  ( p r i m a r i l y :
(a) An i n c r e a s e  in t i mber  d e n s i t y .
(b) Reduct ion in the e x t e n t  o f  the  low d e n s i t y  core .
(c) An i n c r e a s e  in f i b r e  l e ng t h .
(d) R e s i s t a n c e  to f r o s t ,  Si rex and o t h e r  pa t hogens .
(e) More shade t o l e r a n c e  and a b i l i t y  to r e t a i n  deep green crowns.
( f )  Freedom from e x c e s s i v e  s p i r a l  g r a i n .
(g) St rong  ap i ca l  dominance.
(h) Control  o f  t endency to  form hear twood.
The a u t ho r s  comment f u r t h e r :  "The g r e a t e s t  d i f f i c u l t y  h i t h e r t o  encount e red  
In growing good q u a l i t y  r a d i a t a  p ine  has been l ack o f  fundamental  knowledge 
o f  the  f a c t o r s  a f f e c t i n g  t imber  g r ade ,  a l t hough  t he se  have been po in t ed  o u t ,  
for  example by R e i d  (1 9 5 3 ) . "  and " . . . I f  t end ing  i s  de l ayed and branches  die  
the r e s u l t a n t  t imber  wi l l  be s u i t a b l e  on ly  f o r  f raming;  i f  t end i ng  is  
c o r r e c t l y  t imed the  t r e e s  wi l l  r e t a i n  deep,  green crowns and may or  may not  
have degrading  smal l  branches  o r  stem c o n e s . "
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W h ites id e  (1964) r e p o r t s  the  r e s u l t s  o f  a v i s ua l  grad ing  
s tudy  Qia 28 y e a r  o ld untended r a d i a t a  p tne  f o r e s t  (Woodhül )  in N.Z. and 
compares t he  r e s u l t s  to o t h e r  s t u d i e s .  Both board and framing s i z e s  were 
produced,  wi t h  a low i nc i dence  o f  bark encased  knot s  and bark  p ocke t s ,  
smal l  knot  s i z e ,  small  p i t h ,  a smal l  number o f  cone ho l e s  and g e n e r a l l y  
s u p e r i o r  t i mber  to t h a t  produced from untended s t a n d s  o f  some o t h e r  N.Z. 
r eg i ons .  The low i nc idence  o f  bark encased knot s  was s t a t e d  as due to very 
slow d i a me t e r  growth in the l a t t e r  h a l f  o f  the  r o t a t i o n  and p o s s i b l y  to 
green crown l e v e l .  The au t hor  a l s o  remarks on the  t imber  from the  f o r e s t  
as "being o f  h igh  d e n s i t y  and s t r e n g t h " .  The high appa r e n t  d e n s i t y  i s  
a t t r i b u t e d  t o  t he  f a i r l y  high mean annual  t empera t ur e  which has been found 
to  be r e l a t e d  t o  d e n s i t y  {Harris^ 1963).  The o b s e r v a t i on  i s  a l s o  made t h a t  
the f ina l  crop t r e e s  produced from Woodhil l  w i l l  be s i g n i f i c a n t l y  s ma l l e r  
than in t he  a r e a s  producing the lower q u a l i t y  t i mber .  (Or ig ina l  spac ing  
a t  Woodhil l  i s  no t  given but  mention i s  made t h a t  the s t and  r ece i ved  a 
l i g h t  t h i nn i n g  to  400 stems per  a c r e  a t  age 16 ( spac ing  around 3-05 m x 3*05 r 
but  Whi t es ide  c o n s id e r e d  t h a t  the  s t a n d  was e f f e c t i v e l y  untended) .
Broun (1965) and (1969) i n v e s t i g a t e d  board grade recovery 
and veneer  p e e l i n g  q u a l i t y  of  pruned logs .  He concluded t h a t  pruning can 
be p r o f i t a b l e  i f  r a t e  of  t r e e  growth i s  high enough and i f  bark damage 
dur ing  t h i n n i n g  i s  avoided .
Fenton (1967) s t u d i e d  board and s c a n t l i n g  grade y i e l d s  from 
two mature s t a n d s  of  r a d i a t a  p ine  in N.Z. S c a n t l i n g s  were only  cut  from the  
c e n t r e  o f  the  logs  and t h e r e f o r e  only 3 or  4 s c a n t l i n g s  were r ecovered from 
each log.  One s t a n d  was p l a n t e d  a t  1.83 m x 1.83 m, t h i nned  a t  15 and 30 
y e a r s ,  low pruned a t  10 y e a r s ,  high pruned a t  15 y e a r s  and sampled a t  
42 y e a r s .  The o t h e r  was p l a n t e d  a t  2.44 m x 2 . 44  m and untended exce p t  
f o r  low prun ing  a t  16 yea r s  and sampled a t  33 y e a r s .  F l a t  (back) ,  q u a r t e r
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and t a p e r  sawing were a l l  used but  f l a t  sawing proved the  most p r o f i t a b l e  
in terms of  r e t u r n / u n i t  volume.  Some of  t he  r e s u l t s  a r e  l i s t e d  below:
One inch f l a t  sawn b u t t  logs from the  tended s t and 
y i e l d e d  7i% c l e a r s ,  42% Fac t o ry  and 48% Box grades  
(60.71 u n i t s  o f  va l ue)  compared wi th  £%, 21% and 71%
(49.2 u n i t s  of  va lue)  r e s p e c t i v e l y  f o r  the  untended 
s t a n d .  Qua r t e r  sawing r e s u l t s  were b e t t e r  than t hese  
but  in terms o f  money f l a t  sawing was the  most p r o f i t a b l e .
One inch f l a t  sawing ( i n t o  1 inch boards)  f o r  logs h i ghe r  
than the b u t t  log gave b e t t e r  grade r e t u r n s  fo r  the 
untended s t and  than f o r  the  t ended ,  but  wi th  lower convers ion 
f a c t o r s  and s l i g h t l y  lower r e a l i z a t i o n s .  Sawing t o  two 
inch s i z e s  ( c e n t r e  o f  log only)  was more p r o f i t a b l e  in 
both s t a n d s ,  markedly so fo r  the  tended s t a n d .  These 
r e s u l t s  were t hought  to be due more to the d i f f e r e n c e s  in 
o r i g i n a l  spac ing  than to t he  subsequent  t e nd i ng .
The major d e f e c t s  in the  t imber  were bark  encased knots  
and the  complex o f  d e f e c t s  a s s o c i a t e d  wi t h  p i t h .  Pin 
knot s  and cone ho le s  p r even t ed  recovery  o f  h i ghe r  grade 
boards  in the 4th and 5th logs where bark  encased knot s  
were a bsen t .
The most promis ing o u t l e t s  f o r  t imber  from t h e s e  s t a n d s  
a r e  in f raming s i z e s  and in Fac t ory  and r e c u t t i n g  grades  
f o r  f i n g e r  j o i n t i n g .
Sutton (1969) e s t i m a t e d  the  f i n a n c i a l  r e t u r n s  o f  r a d i a t a  
p ine  grown a t  WoodhNl ,  N.Z. f o r  each o f  seven i n i t i a l  spac i ngs  ranging 
from I .83 m x 1.83 m to  4.88 m x 4.88 m but  i nc l ud i ng  some r e c t a n g u l a r  
s pa c i n g s .  No account  was taken o f  the p o s s i b l e  e f f e c t  o f  spac ing  on 
q u a l i t y  (and t h e r e f o r e  on stumpage) but  t h i s  was seen as being of  minor 
s i g n i f i c a n c e  -  " Indeed the i n c r e a s e  in p l a n t i n g  d i s t a n c e  could a c t u a l l y  
improve grade r ecove ry  i f  the more open s t and  c o n d i t i o n s  de l ay the death 
of  the  very smal l  b r anche s ,  which Whiteside (1964) found were a major 
degradi ng  f a c t o r  in t imber  from c l os e  spaced s t a n d s " .  Resu l t s  showed 
t h a t  the 1.83 m x 1.83 m spac ing  was the  l e a s t  p r o f i t a b l e  and t h a t  the 
2.44 m x 2.44 m spac ing  was never  as p r o f i t a b l e  as the  wider  s pa c i n g s .  The 
wider  spac ings  "showed remarkable s i m i l a r i t y  in t h e i r  c a l c u l a t e d  n e t  
r e t u r n s ;  but  the  va l ues  fo r  the 4.88 m x 4 .88 m and p o s s i b l y  the 3-66 m x 
3.66 m spac ings  were cons ide red  over  o p t i m i s t i c  (because  of  p o s s i b l e  
o ve r es t i ma t i o n  of  volumes and increment  in the  wider  s p a c i n g s ) .  I t  was
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concluded t h a t  as long as the  I n i t i a l  spac ing  i s  w i t h i n  the range 3.05 m 
x 1 . 8 3  m to  3 .66 m x 3 . 6 6  m h ig h e r  ne t  r e t u r n s  can be a n t i c i p a t e d 11. I t  
was added t h a t  the  e f f e c t  o f  spac ing  on branch s t z e  and t r e e  m a l fo rm a t ion  
needed f u r t h e r  I n v e s t i g a t i o n .
F en ton3 S u tto n  and T u s ttn  (1971] s t u d ie d  y i e l d s  o f  c l e a r  
boards f rom tended ( th in n e d  and h igh  pruned) 26 year  o l d  second crop 
r a d la t a  p in e .  L i t t l e  s c a n t l i n g  t im b e r  was recovered ,  most o f  i t  coming 
f rom the  4 th  and 5 th  lo gs .  A l a rg e  percen tage  o f  No. 1 f ram in g  grade was 
produced f rom the  h ig h e r  logs d e s p i t e  the  l a rg e  branch s i z e s  p re s e n t .  In 
the la rge  d ia m e te r  second and t h i r d  logs  much o f  the f ram ing  appeared to  be 
sawn in the chord between two b ranches.  In the  f o u r t h  and f i f t h  logs ,  
the  a u th o rs  add,  branch d iam ete r  was w e l l  above the maximum kno t  s i z e  
recorded In the  sawn t im b e r ,  the logs be ing too  smal l  In d iamete r  to  have 
con ta ined  the maximum branch s i z e .
The board grade y i e l d s  "were c o n s i s t e n t  w i t h  o th e r  s t u d ie s  
(Fen ton  and Fam C lton, 1961; F en ton3 1 9 6 7 ), w i t h  the g r e a t e s t  c o n c e n t r a t i o n  
o f  f a c t o r y  grade In the lower lo g s ,  dec reas ing  up the  t r e e " .  Values o f  
the v a r io u s  log  p o s i t i o n  c lasses  were d iscussed  as f o l l o w s :
The va lues  (pe r  u n i t  volume o f  t im b e r  and o f  log)  
g e n e r a l l y  decrease up the  t r e e  as the g rades,  w id th s  
and conve rs ion  f a c t o r s  f a l l .  Seventy p e rc en t  o f  the  
g ross  va lu es  are In the b u t t  and second logs ;  a 
p r o p o r t i o n  which  would Inc rease  I f  va lu es  n e t  o f  
sawing and lo g g in g  cos ts  were a l lo w e d .
F i n a l l y  the a u tho rs  comment on the r e s u l t s  o f  the  s t u d ie s  
to  da te .  "The s t u d ie s  have led  to  a board grade regime be ing fo rm u la te d  
(Fenton and S u tto n 3 1968) wh ich  i s  designed to  get  the maximum growth on 
the v a lu a b le  b u t t  and second l o g s . "
Fenton (1971) d iscusses  the management o f  r a d la t a  p in e  
stands f o r  f r a m in g  ( s c a n t l i n g )  p r o d u c t i o n .  He suggests " c l o s e  I n i t i a l
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spac ing (2 .44  m x 1.52 m o r  1.83 m x 1.83 m ) to  be m a in ta ined  u n t i l  
s tand h e ig h t  i s  at  l e a s t  18 m" and t h a t  " t h e  suppressed growth ra te  o f  
the  f ram in g  regime t h a t  accompanies r e s t r i c t i o n  o f  branch s iz e  reduces 
f i n a l  log s i z e  w i t h  concom itan t  in c reases  in lo g g in g  and sawing c o s ts .
A r a t i o n a l  s o l u t i o n  would be to  c o n c e n t r a te  f ram ing  t im b e r  p ro d u c t io n  
on ( low q u a l i t y )  s i t e s  where branch s i z e  i s  n a t u r a l l y  l i m i t e d " .
In coming to  these co nc lus io n s  the a u th o r  m a in ly  uses 
r e s u l t s  f rom h is  p rev ious  s t u d ie s  on board grade re c o v e r ie s  and two 
unpub l ished  N.Z.  grade s t u d ie s  on 15 to  20 year  o ld  r a d i a t a  p ine  
t h i n n i n g s .  He a ls o  uses r e s u l t s  f rom t r i a l s  in  N.Z.  aimed a t  d e te rm in in g  
the e f f e c t s  o f  spac ing on branch s i z e  (F e n to n 's  s t a te d  requ irem ents  f o r  
f ram in g  t im b e r  were :  r e s t r i c t i o n  o f  kno t  d iam ete r  t o  under 34 mm, s t r a i g h t
g r a i n ,  min imal  d i s t o r t i o n  and leng ths  up to  about  5 m.)
Fenton (1968) ment ions  the l i m i t e d  amount o f  data 
a v a i l a b l e  on grade y i e l d s  " . . . o n e  o f  the shor tcomings  in the b as i c  data 
used in the  a n a l y s i s  (on the  p r o f i t a b i 1i t y  o f  p l a n t a t i o n  f o r e s t r y  in N .Z . )  
was the absence o f  d e t a i l e d  data on cos t  o f  l o g g in g ,  on t im b e r  grades 
f rom d i f f e r e n t  age and t re a tm e n t  c la sses  o f  the  majo r  spec ies  and o f  the 
cos t  o f  sawing (which)  r e s t r i c t  a n a l y s i s " .
Knowles and James (1973) determined the e f f e c t  o f  branch 
s i z e  on v i s u a l  grade recove ry  o f  50 mm x 100 mm r a d ia t a  p ine  s c a n t l i n g  
(each log  was d i v i d e d  i n t o  q u a r t i l e s  and the l a r g e s t  branch in each 
l o n g i t u d i n a l  q u a r t e r  s e c t i o n  noted -  the mean o f  the 16 branches measured 
in t h i s  way was c a l l e d  the branch s i z e ) .  They found t h a t  logs w i t h  branch 
s ize  less than 28 mm always gave good grade y i e l d s  s ince  de fe c ts  were 
s m a l l .  For logs w i t h  branch s i z e  between 28 mm and 41 mm c o n s id e ra b le  
v a r i a t i o n  in grade p r o p o r t i o n s  were expe r ienced  depending on the sawing 
p a t t e r n / d e f e c t  i n t e r a c t i o n .  For logs w i t h  branch s i z e  between 41 mm and 
53 mm, grades were always poor because o f  la rge  d e f e c t s .  Mechanical
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grading was used to de t e rmi ne  "Mean E va l ue  per  log" and t h i s  g e n e r a l l y  
decreased  wi th  i nc r e a s i n g  branch s i z e .
Fenton (1976) in a s tudy on the  economics of t h i nn i ng  
r e p o r t s  unpubl i shed r e s u l t s  showing t h a t  v i s u a l l y  graded r a d i a t a  p ine  
from Ashley F o r e s t ,  N.Z. produced about  t he  same p r o p o r t i o n a t e  y i e l d  of 
f raming grades  from t h r e e  d i f f e r e n t  i n i t i a l  s pa c i n g s .  He g ives  the  
fo l l owi ng  reason fo r  t h i s  r e s u l t .  "The p r op o r t i on  of  l a r g e r  l ogs ,  
a l b e i t  wi th l a r g e r  b r anche s ,  i n c r e a s e s  the  chances  of  avoid ing  d e f e c t s " .  
(Perhaps a l s o  the  l a r g e r  logs were cu t  i n t o  l a r g e r  s i z e s  thus 
d e c r e a s i ng  the  chance of downgrading. )
One of  t he  few d e t a i l e d  y i e l d  s t u d i e s  under taken on r a d i a t a  
p ine  in A u s t r a l i a  is  r epor t e d  by Waugh3 W right and Barnes (1977) ,  but  
u n f o r t u n a t e l y  f u l l  d e t a i l s  have not  been p u b l i sh e d .  The aim of  the  
p r o j e c t  was to  s tudy the i n f l u e n c e  of  s i t e  and s i l v i c u l t u r a l  t r ea t me n t  
on log and t r e e  c h a r a c t e r i s t i c s  and the  c o n t r i b u t i o n  t h e se  f a c t o r s  may 
have on i n f l ue n c i n g  r ecove ry ,  g rade  and va l ue  of sawn p r oduc t s .
P re l i mi na ry  r e s u l t s  only have been p r e s e n t e d  and t h e s e  have i nd i ca t e d  
t h a t  the  high s i t e  q u a l i t y  a r e a  produced 20% l e s s  v a l u a b l e  t imber  than 
did the low s i t e  q u a l i t y  a rea  when c u t t i n g  predomi nant l y  boards .  Most 
of the  r e duc t i on  was s a id  to  be due to  d e f e c t s  o r i g i n a t i n g  from 
branching c h a r a c t e r i s t i c s  (green and encased k n o t s ) .  The a u t ho r s  s t a t e  
"This  o b s e r va t i on  is  c o n s i s t e n t  wi th  the  c o n c l us i on s  reached by W right 
(1967) t h a t  t he  l a r g e r  branch s i z e  in t he  more r a p i d l y  growing s t ands  
a t  Ai re  V a l l ey  could i n f l u e n c e  the  va l ue  of  the  t imber  fo r  p a r t i c u l a r  
end uses" .  When producing pr edomi nan t l y  s c a n t l i n g  however t h i s  d i f f e r en c e  
reduced to  IX but  t h i s  p o i n t  was no t  taken f u r t h e r .
Booth (1969) e va l ua t e d  t he  s t r u c t u r a l  p o t e n t i a l  of  some 
p l a n t a t i o n  c o n i f e r s  grown in n o r th e r n  N.S.W. He i n v e s t i g a t e d  the  grade 
y i e l d s  and t imber  s t r e n g t h  p r o p e r t i e s  of  s l a s h  p i ne ,  p a t u l a  p ine  and 
l o b l o l l y  p ine  s t ands  of  v a r io u s  ages  and s i t e s  and a l s o  of  a s i n g l e
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30 year  o ld  stand o f  r a d ia t a  p i n e .  Resu l ts  f o r  s la s h ,  p a tu la  and 
l o b l o l l y  p ines  are  d iscussed  in s e c t i o n  4 . 5 . 6 .  The t r e e s  f rom the  
r a d ia t a  p ine  stand produced the  f o l l o w i n g  grade y i e l d s :  6% F 14, 23% Fl 1, 
40% F7, 18% F4 and 8% r e j e c t .  No d e t a i l s  were g iven  about  the 
s i l v i c u l t u r a l  t re a tm e n t  o f  any o f  the  stands sampled.
Ex te rna l  t r e e  c h a r a c t e r i s t i c s  in r a d ia t a  p ine  have been 
s tud ie d  by many re searche rs  such as Jacobs (1938) and Fielding (1953), 
(1960) and (1967). Fielding (1967) s tu d ie d  the e x te r n a l  c h a r a c t e r i s t i c s  
o f  r a d ia t a  p ine  on 2 s i t e s  o f  d i f f e r e n t  s i t e  q u a l i t y  in the  A .C.T .  The 
low q u a l i t y  s i t e  d i f f e r e d  f rom the  h igh q u a l i t y  s i t e  in hav ing :
1. Trunks w i t h  low t a p e r .
2. Th in  buds.
3. Th in  s h o r t  branches.
4. Wide angled branches.
5. Fewer branches per w h o r l .
6. Th inne r  bark .
7. Lower green l e v e l .
Wright (1967) s tu d ie d  f o u r  l o c a l i t i e s  (age 16 years)  
w i t h  emphasis on d e te rm in in g  the  e f f e c t s  o f  s i t e  on log q u a l i t y  in 
stands o f  r a d ia t a  p in e  in V i c t o r i a .  Each area s tu d ie d  con ta in ed  zones 
w i t h  d i f f e r e n t  s i t e  q u a l i t i e s .  He found t h a t  ta p e r  g e n e r a l l y  decreased 
as s i t e  index (SI )  increased ( w i t h i n  each l o c a l i t y ) ,  green le ve l  increase« 
as SI increased ( the  au th o r  observed t h a t  the l o c a l i t y  w i t h  the  lowest  
SI range had a low green crown and t h a t  the dead branches were sound, 
whereas the l o c a l i t y  t h a t  produced the  l a r g e s t  d iam ete r  t re e s  ( A i re  
V a l l e y )  where r a i n f a l l  was v e ry  h ig h  thus p r o v id i n g  m o is t  c o n d i t i o n s  
conduc ive  to  fungal  a t t a c k ,  had h ig h e r  green le v e l  and r o t t i n g  dead 
branches). Average branch d iam e te r  inc reased as SI increased a t  3 
l o c a l i t i e s  but  the A i r e  V a l l e y  stands showed no s i g n i f i c a n t  inc rease  in 
branch d iameter  w i t h  i n c re a s in g  S I .  The average branch d iameter  was
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strongly related to tree diameter and was more or less independent 
of 1 oca 1ity.
Wright also observed that at the same stocking density, 
average branch size was a function of tree diameter not of site quality, 
except that low site index areas will eventually have larger branches 
(for the same tree diameter as high site quality areas) because 
branches die more quickly in the high SI area. Nodal swelling and 
crown defect frequency generally increased with increasing SI. No 
relationship was found between the occurrence of stem cones and SI 
within any one locality, however, their occurrence varied widely 
between localities. For example coning was very light in Aire Valley 
stands (20% of trees had cones) whereas only very few of the sample 
trees in the other localities were without stem cones (about 90% of 
trees had cones).
Wright's observation that taper decreases as site index 
increases was in contrast to that of Fielding (op.cit.) who found that 
taper was lower in the low quality site. However, Wright states that 
his observation was in general agreement with that of Larson (1963), 
who, in a general review of the subject of tree taper, concluded that 
trees on poorer sites showed more taper than those on better sites.
Tree branch size has been studied by many researchers, 
especially the effects of spacing. Major reviews on this topic have 
been presented by Sjolte-Jtfrgensen (1967), Evert (1971) and Hamilton and 
Christie (1974).
Jacobs (1938), Cromer and Pawsey (1957) and Cromer (1961)
published much of the early Australian work on branch size in radiata 
pine plantations.
In New Zealand much work has been done in this area but 
most is unpublished and only available as unqualified internal reports.
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Bunn (1970) pub l i she d  some branch s i z e  r e s u l t s  from work by Sut ton fo r  
v a r i o u s  spac i ngs  fo r  s i x  r a d i a t a  p i ne  s i t e s .  This  work showed t h a t  
s o i l  f e r t i l i t y  had a marked i n f l u e n c e  on the  i n i t i a l  s t o c k i ng - b r a n c h  
s i z e  r e l a t i o n s h i p  and t h a t  narrow spac i ngs  a r e  r eq u i r e d  on some s i t e s  
t o  keep branch s i z e  a t  a r ea s o n a b l e  level  whereas on o t h e r  lower 
q u a l i t y  s i t e s  wide r  spac ings  ac h i eve  the  same branch s i z e  r e s u l t s .
F u r t h e r  d i s c u s s i o n  on branch s i z e  and t he  way i t  is 
a f f e c t e d  by spac ing  and t h i nn i ng  is  p r e s e n t e d  in Sec t i on  4.2  a f t e r  
p r e s e n t a t i o n  of  t h e  branch s i z e  r e s u l t s .
18.
C H A P T E R  3
E X P E R I M E N T A L  M E T H O D
3.1 Stand S&lzctZon.
The Intended s t a n d  s e l e c t i o n  and sampl ing methods are
d e s c r i be d  below:
1. Age s t r a t i f i c a t i o n .
Table 3.1 shows the age groups t h a t  were to  be sampled,  the 
a r ea  w i t h i n  each group and the pe r ce n t age  o f  a r e a  wi th i n  
each group.  The 14 -  20 y e a r  group covers  the  pe r i od  o f  
f i r s t  t h i n n i n g .  The two middle groups cover  subsequent  
t h i nn i n g s  and the 35 ye a r  p lus  group covers  the  probable  
range of  age a t  c l e a r  f e l l i n g .
TABLE 3.1
P l a n t a t i o n  a r ea  in v a r i o u s  age c l a s s e s  (A.C.T. )
A g e  cZa64  
[ifZOA& }
PZantati aJiza
{Ha)
Pzsicentage. o£ 
to ta Z  axza
14-20 1986 18%
21-27 882 8%
28-34 2155 20%
>34 1816 17%
6839 63%
Total  a r ea  10,832 Ha a t  December,  1967.
2.  S i t e  index s t r a t i f i c a t i o n .
S i t e  index groupings  were to  be:  below 60 f e e t  (18.3 m);
60 to  80 f e e t  (18.3 m t o  24 . 4  m) ; and above 80 f e e t  (24.4 m) . 
Such s i t e  i n d i ce s  can a l s o  be used to  i d e n t i f y  s i t e  q u a l i t i e s  
so t h a t  i n s t e a d  of  r e f e r r i n g  to  the s i t e  index one might  r e f e r  
to s i t e  q u a l i t y .  In t h i s  s t u d y  s i t e  q u a l i t i e s  1, 2 and 3 
r e f e r  t o  s i t e  i n d i c e s  o f  above 24.4  m, between 18.3 m and 
24.4 m and below 18.3 m r e s p e c t i v e l y .
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3. Stand d e n s i t y  s t r a t C f Teat Ton.
Thinned and unt funned c a te g o r ie s  were to  be sampled i f  
p o s s tb le .
3.2 T/iee 6ampJLz. 6kze..
The t r e e  sample s i z e  re q u i r e d  was dete rm ined  by R.G. Buick 
us ing p r e v i o u s l y  unpub l ished  work by B u ic k  (1969) r e l a t i n g  to  the average 
grade recovery  o f  3^ y ea r  o ld  s tands c o n t a i n i n g  th r e e  s i t e  q u a l i t i e s .
Th is  work produced a mean t r e e  s t r e s s  grade o f  7.03 MPa w i t h  a s tandard  
e r r o r  o f  0.859 MPa and s tandard  d e v i a t i o n  o f  1.24 MPa.
I t  was assumed t h i s  r e s u l t  was t y p i c a l  f o r  a l l  age g roup -  
s i t e  index g roup -s tand  d e n s i t y  group comb ina t ions  and t h a t  the mean t re e  
s t r e s s  grade was to  be e s t im a te d  to  w i t h i n  ± 0.859 MPa unless a 1 in 20 
chance occurs  in sam p l ing .  The r e l a t i o n s h i p  used to dete rm ine  sample 
s i z e  was
Sample s i z e  (n) 2s
Equa t ion  3.1
where t  i s  S tu d e n t ' s  t  v a lue  a t  n-1 d f  and 0 .05  p r o b a b i l i t y ,  
s i s  s tandard  d e v i a t i o n .
E i s  the e r r o r  s p e c i f i c a t i o n .
For the  data p resen ted  above the equa t ion  is  so lved  f o r  
n = 10.8 ( t  = 2.262 a t  9 d f )  and t h e r e f o r e  i t  was decided to  sample 10 
t re e s  per s t r a t i f i c a t  i o n .
3 . 3  Sampling A tla tlfikccLtLon.
I t  was no t  p o s s i b l e  to sample f rom each o f  the v a r io u s  
combina t ions  as in tended  because i t  was found t h a t  many o f  them d id  no t  
e x i s t  in the A .C .T .  f o r e s t s .  Sampl tng however d id  c o n s i s t  o f  the f o l l o w i n g  
comb f n a t i o n s :
1 . Ten t r e e s  f rom compartment  ( c p t l  79,  age. 38 y ea rs  and o f
v a r y in g  s i t e  q u a l i t y .  T h i s  s tand had been r e g u l a r l y  t h in n e d .
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2. T h i r t y  t r e e s  f rom c p ts .  104 and 105 both  aged 36 years and 
re p re s e n t in g  t h r e e  s i t e  q u a l i t i e s  (1,  2 and 3 ) .  Ten t rees  
were sampled f rom each sTte  qua 1Fty a rea .  The s tand had been 
r e g u l a r l y  thTnned.
3. F o r t y  t r e e s  f rom an u n th fnn e d ,  unpruned spac ing  t r i a l  in c p t .
139 aged 30 y e a r s .  Ten t r e e s  were sampled f rom each spac ing .
4. Ten t r e e s  f rom c p t .  149, age 23 y e a r s ,  un th inned .
5.  Ten t re e s  f rom c p t .  162a, age 19 y e a rs ,  un th inned .
Compartment d e t a i l s  are g iven in Sec t io n  4 .1 .
3 .4  Tfizz Aampling matkod.
W i th in  each s tand sample t re e s  were randomly s e le c te d  
us ing ro w - t re e  c o o r d in a te s  i n v o l v i n g  the random s e l e c t i o n  o f  a compartment 
row and then the  random s e l e c t i o n  o f  a t r e e  in t h a t  row. Edge a f f e c t e d  
t r e e s  were no t  sampled.
3.5 T/iee ke igh t, bnjmch Atze. and log dtameXeA me.aAuAe.me.nt6.
A l l  t r e e s  were f e l l e d  a t  the end o f  1971- A f t e r  f e l l i n g  
top h e ig h ts  and green le v e l  on a l l  t r e e s  and a l l  branch d iameters  on 
some t rees  (merchantab le  leng th  o n l y )  were measured and branch p o s i t i o n s  
a long  the t r u n k  were noted to  the n e a re s t  f o o t  f rom the  base o f  the  
bot tom log .
Trees were c r o s s - c u t  i n t o  logs 16 f e e t  3 inches long 
(4 .95 m ) . The smal l  end o f  each log was p a in te d  y e l l o w  to  he lp  i d e n t i f i c a t i o n  
A l l  logs were marked a t  the ends w i t h  t h e i r  t r e e  number and log p o s i t i o n  
c l a s s ,  us ing both  crayon and a lumin ium tag s .  Under bark  d iamete rs  were 
measured at  each end s e c t i o n .
Logs were t r immed, sn ig ged ,  loaded and t r a n s p o r t e d  to 
the  A.C.T .  re search  sawm i l l  then b e long ing  t o  the  F o r e s t r y  and Timber Bureau 
now p a r t  o f  the CSIRO D iv i s i o n  o f  Fo res t  Research.
3 .6  Log conv&isZon pAoczduA&
T h e o re t ic a l  sawing p a t te r n s  were drawn up acco rd in g  
to  log s iz e  c la s s e s  to  g iv e  a range o f  sawn t tm b e r s tz e s .  The p a t te rn s  
are shown in  F ig u re  3 .1 .
A t the  n u l l ,  logs were s o r te d  in to  th re e  d iam ete r groups:
5 ”  10 inches (127 -  254 mm); 11 - 1 4  Inches (279 ”  356 mm); g re a te r  
than 15 inches (381 mm). They were then sawn to  the t h e o r e t i c a l  p a t te r n s ,  
one group a t a t im e .
The aim d u r in g  sawing was to  o b ta in  maximum w id th s  o f  
1£ inch (38 mm) t h i c k  m a t e r ia l ,  the  w id th s  be ing  4, 6 , 8, 10 and 12 inches 
(102, 152, 203, 254 and 305 mm r e s p e c t iv e ly )  excep t f o r  the  c e n tre  o f  
la r g e r  lo g s .  These were cu t  to  y i e l d  a 4 inch (102 mm) f l i t c h  and 
subsequen tly  sawn to  y i e l d  4 x U  inch  (102 mm x 38  mm) p ie c e s .  Slabs 
cu t  from the o u ts id e  o f  the  logs were resawn to  y i e l d  1 inch  (25 mm) t h i c k  
boards o f  v a r io u s  w id th s .
I t  was though t the  c u t t i n g  p a t te rn  used would p ro ba b ly  
ach ieve  the  optimum v a lu e  re co ve ry  from ra d ia ta  p in e  lo g s ,  a p o in t  which 
has not been p roven . A th ic k n e s s  o f  l i  inches (38 mm) ra th e r  than 2 inches 
(51 mm) was chosen a f t e r  an in s p e c t io n  o f  the L ig h t  T imber Framing Code 
(S tandards A s s o c ia t io n  o f  A u s t r a l i a ,  1975b). f t  appeared t h a t ,  from the  
p o in t  o f  v iew  o f  the  t im b e r  u se r ,  1£ inches (38 mm) o f fe r e d  the best 
o p p o r tu n i t y  o f  re d uc in g  the  volume o f  t im b e r ,  number o f  components and 
in  p lace  cos t o f  t im b e r  per house. For example (u s in g  m e t r ic  s iz e s )  a 
f l o o r  j o i s t  c o v e r in g  a 1 .5  m span a t  450 mm spac ing  re q u ire s  F8 grade 
35 mm x 90 mm s c a n t l i n g s  o r  F7 grade 45 mm x  90 mm s c a n t l i n g s .  The 
volume o f  t im b e r  re q u ire d  i f  the  45 x  90 mm s iz e  was used would be 29% 
g re a te r  than f o r  th e  35 x 90 mm s iz e .  The p r i c e  d i f f e r e n t i a l  between the  
F8 and F7 grades is  o n ly  about 5% thus making the  35 mm x 90 mm s iz e  f a r
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FIGURE 3-1 : Sawing Pa t t e rns  Used for  Log Conversion.
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more economical  to  use.  T h i s  assumption has  s i n c e  been borne out  by 
commercial p r a c t i c e  because most r a d l a t a  s c a n t l i n g  I s  c u t  to  35 mm t h i c k  
s i z e s .  The above a n a l y s i s  does no t  c o n s id e r  the  e f f e c t  of  sawn t h i c k n e s s  
on v o lu m e t r i c  y i e l d  o r  grade  r eco v e ry  and th u s  on mi l l  door v a lu e .
P r e s e n t  p r a c t i c e ,  however, I s  to app ly  a c o n s t a n t  s e l l i n g  p r i c e  per  u n i t  
volume to  most s c a n t l i n g  s i z e s ;  the  on ly  d i f f e r e n t i a l  be ing  a premium 
f o r  the  h ig h e r  g rades .
The t imber  was a c t u a l l y  conver ted  (sawn, d r i e d ,  and d ressed )  
in im per ia l  s i z e s  and m e t r i c  s i z e s  a re  now used f o r  r a d i a t a  p ine .  Table 
3.2 shows a comparison between the  a c t u a l  f i n i s h e d  s i z e s  and the n e a r e s t  
m e t r i c  e q u i v a l e n t .  The r e s u l t s  from the  work have been assumed to  apply  
to the  p r e s e n t  m e t r i c  s i z e s .
TABLE 3.2
Comparison o f  f i n i s h e d  s i z e s  (dry and d res sed )  with  s t a n d a rd
m e t r i c  f i n i s h e d  s i z e s .
-5-cze MeXxic. sZzn
[ m m ] [ m m ]
35 x 100 35 X 0
35 x 150 35 X  140
35 x 200 35 x 190
22 x 75 19 x 70
22 x 100 19 x 90
22 x 125 19 x 120
22 x 150 19 x 140
22 x 175 19 x 170
Widths g r e a t e r  than 200 mm do not  have p r e s e n t  m e t r i c  
s i z e s  i e .  m e t r i c a t i o n  s topped a t  200 mm. i t  was in tended  the w id ths  
l a r g e r  than 200 mm would be e v e n t u a l l y  resawn in t o  s m a l l e r  w id th s ;  t h i s
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was not  done and these  s i z e s  were p roces sed  a long wi th the  o t h e r s .
P a r t i c u l a r  a t t e n t i o n  was pa i d  to sawing to the s e t  
p a t t e r n s  wi th  minimum t imber  l oss  and to I d e n t i f y i n g  the  s l a b s ,  c an t s  
and f i n i s h e d  s i z e s .  De t a i l e d  i n s t r u c t i o n s  were given to  each mil l  
o p e r a t o r  (Appendix A).  Black lumber crayon was used on sawn s u r f a c e s  
and whi t e  ae roso l  p a i n t  f o r  bark s u r f a c e s .  The ide n t  i f i c a t  ion used was 
the  same as f o r  the  log,  f o r  example 12/1 f o r  the b u t t  log o f  t r e e  12, 
wi th  the  a d d i t i o n  of  f u r t h e r  I d e n t i f i c a t i o n  o f  the p a r t  o f  the log.  For 
example 12 /1 / 1 ,  12 / 1 / 2 ,  12 /1/3  f o r  the  f i r s t ,  second and t h i r d  s l a b s  and 
12/1/4  f o r  the cant  o r  f i n i s h e d  s i z e s .  To reduce the chances  of  
misI d e n t i f i c a t  ion p i e c e s  from each second log were s p o t t e d  on the  end 
wi th  whi t e  p a i n t  and the o r d e r  o f  the  logs be ing sawn t o g e t h e r  wi th  the 
smal l  end co l our  (yel low o r  whi t e )  was r ecorded  on a b l ackboard  v i s i b l e  
to the  b r e a s t  bench crew and the marker .  The b r e a s t  bench marker  used 
e i t h e r  a b l ack  lumber crayon o r  a b lue  f e l t  t i p p e d  pen to  mark t r e e ,  log,  
p a r t ,  and p i e c e  I d e n t i f i c a t i o n  on a l l  p i e c e s  nea r  t he  end coming from the  
l a r g e s t  d i amete r  end o f  the o r i g i n a l  log.  Each p i e ce  was given an 
i d e n t i f i c a t i o n  s e r i a l  number s t a r t i n g  wi th  1 fo r  the f i r s t  p i ece  and t h i s  
i n f o r ma t i on ,  t o g e t h e r  wi th  c r o s s - s e c t i o n  s i z e  In a coded form, was 
r ecorded on pr epa r ed  s h e e t s .  As each p i e c e  was marked the b r e a s t  bench 
marker  de l e t e d  from the b l ackboard  those  p a r t s  t h a t  had been sawn.
Each p i e ce  was p a i n t e d  wi th  an a n t l - s a p s t a i n  s o l u t i o n  and 
then s t acke d  i n t o  s e p a r a t e  packs accord i ng  to width,  e xc e p t  f o r  1 inch 
(25 mm) t h i ck  p i e c e s  which were s t a c ke d  in a s i n g l e  pack.  About 2860 
samples were cu t  from the  100 sample t r e e s .
3.7 TsLmbe.si SecuorUvig.
All sawn t imber  was t r a n s p o r t e d  to  the I n t e g r a t e d  Fores t  
Product s  Pty.  Ltd.  (IFP) sawmil l  nea r  Canberra  and k i l n  d r i e d  us ing
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s t a n da r d  commercial  p r a c t i c e .  Random checks us ing a r e s i s t a n c e  type 
moi s t u r e  meter  dur ing the weighing o f  the samples gave an average 
moi s t u r e  c o n t e n t  o f  about  12% wi th  l i t t l e  v a r i a t i o n  between samples .
3.8 Tdmboji Grading.
A f t e r  s eason i ng  the t i mber  was machined to  s i z e  and 
sh ipped  to  the Department  o f  F o r e s t r y  of  the A u s t r a l i a n  Nat i ona l  U n i v e r s i t y  
(A.N.U. ) .  U n f o r t u n a t e l y ,  the  numbers a p p l i e d  wi th the b lue  f e l t  pen 
faded badly  dur ing  p r oc e s s i n g  and s t o r a g e  and many were u n r e c o g n i za b l e .  
Var ious  methods were t r i e d  to r e s t o r e  the numbers but  a l l  proved u s e l e s s .  
Metal t agg ing  o f  each p i e c e ,  combined wi th  marking us ing a b l ack  f e l t  
pen o r  c rayon,  i s  new seen as  n e c e s s a r y  f o r  a c c u r a t e  sample i d e n t i f i c a t i o n  
dur ing  p r o c e s s i n g .
About 300 samples were a f f e c t e d  by f ad ing  most  o f  t he se  
in the 35 mm x 100 mm c l a s s .  Many logs had to be e l i m i n a t e d  from the  
grade r ecovery  s tudy  because  o f  t he  l oss  of  grade d e t a i l s  in a l a rg e  
p r op o r t i o n  of  the t imber  cut  from those  l ogs .  The ext reme l i m i t  used 
in t h i s  e l i m i n a t i o n  was around 20% o f  r ecovered  volume but  was g e n e r a l l y  
about  5 t o  10%. D e t a i l s  o f  the p rocedure  used f o r  the  e l i m i n a t i o n  of  
p a r t i c u l a r  logs a r e  given tn s e c t i o n  3 .12 .
Both v i s ua l  and mechanical  g r ad ing  were used f o r  the  
s c a n t l i n g  s i z e s  ( i . e .  35 mm f i n i s h e d  t h i c k n e s s )  and v i s u a l  g r ad ing  fo r  the 
boards  (22 mm f i n i s h e d  t h i c k n e s s ) .  Mechanical  gr ad ing  i s  u s u a l l y  l e s s  
c o n s e r v a t i ve  than v i s ua l  g r ad i ng ,  i . e .  machine g r ading  u s ua l l y  r e s u l t s  in 
t imber  being p l a ced  i n t o  h i ghe r  grades  than does v i s ua l  g r ad i ng .  This  
conse rva t i sm i s  f u r t h e r  r e i n f o r c e d  in t h a t  most mi l l s  do no t  d i f f e r e n t i a t e  
any v i sua l  grades  h i g h e r  than F5 ( the  average merchantabl e  g r a d e ) .  Visual  
gr ad ing  judges  on the  ba s i s  of  d e f e c t s  ( kno t s ,  j u v e n i l e  wood, s l o p i n g  gra in  
e t c . )  in r e l a t i o n  to sample s i z e  and end use.  Machine grade ,  however ,  is  
dependent  on t imber  s t i f f n e s s ;  i t s e l f  dependent ,  among o t h e r  t h i n g s ,  on
2 6 .
the i n t e r a c t i o n s  between d e n s i t y  and d e fe c ts .  As d e n s i t y  decreases a n d /o r  
as d e fe c t  s i z e  inc reases  the machine grade would tend to  decrease.
3 . 8 . 1  Machine, g rad ing .
Most o f  the t im b e r  was m e c h a n ic a l l y  graded us ing the 
A.N.U. Department  o f  F o r e s t r y ' s  Computermat ic  g ra d in g  machine.  A f t e r  the 
i n i t i a l  work was h a l t e d  400 leng ths  s t i l l  remained;  these were subsequen t l y  
graded us ing  the Computermat ic  machine o f  the Wood Techno logy  and Fo rest  
Research D i v i s i o n  (WT&FRD), F o r e s t r y  Commission o f  N.S.W. At  t h i s  t ime 
records o f  the o r i g i n a l  work were o b ta in e d  and the p r o j e c t  recommenced.
The Computermat ic  machine measures the d e f l e c t i o n  o f  the 
t im b e r  as i t  i s  loaded on the wide face w i t h  a p re de te rm in ed  fo r c e  over 
a 36 inch (914 mm) span. The fo r c e  i s  a p p l i e d  c o n t i n u o u s l y  on the t im b e r  
w h i l s t  i t  i s  moving th rough  the machine. The machine a ls o  measures i n i t i a l  
(un loaded)  c u r v a tu r e  o v e r  an i d e n t i c a l  span and a smal l  computer  c a l c u l a t e s  
the o v e r a l l  n e t  d e f l e c t i o n  caused by the  a p p l i e d  load a t  6 inch (152 mm) 
I n t e r v a l s  a long  the t im b e r .  The computer  can be programmed t o  spray 
v a r io u s  c o lo u rs  on t o  the  te s te d  t im b e r  to  I n d i c a t e  up to  4 Modulus o f  
E l a s t i c i t y  (ME) ranges and a r e j e c t  range.  (The s tanda rd  method o f  
measurement o f  ME Is  d e f in e d  in the  Standards  A s s o c ia t i o n  o f  A u s t r a l i a  
AS1749, 1978). The WT&FRD Computermat ic  g rade r  can p r i n t  ou t  the ac tua l  
d e f l e c t i o n  va lu es  measured by the machine -  a f a c i l i t y  u n a v a i l a b le  on the 
ANU machine.  Th is  f a c i l i t y  e l i m i n a t e d  the need to  machine grade the t im b e r  
more than once.
The ComputermatIc Is capable  o f  d i s c r i m i n a t i n g  5 ME ranges 
in a s i n g l e  pass.  To grade t im b e r  ove r  more than 5 ranges the g rad ing  
a t  the ANU was c a r r i e d  ou t  in t h r e e  s tages as desc r ibed  below:
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Stage 1: A l l  p ieces  were graded us in g  a program to  d i s c r i m i n a t e  f i v e
ME ranges as f o l l o w s  ( a l l  u n i t s  are GPa):
Range 1 >8.28
Range 2 6.90 to  8.28
Range 3 5.52 to  6.90
Range 4 4.14  to 5.52
Range 5 <4.14
I f  a p ie ce  achieved a minimum ME anywhere a long  i t s  leng th  w i t h i n  Range 1 
i t  was accepted f o r  Stage 2.
Stage 2:  Pieces w i t h  ME >8.28 were graded us ing a program to  d i s c r i m i n a t e
f i v e  ME ranges as f o l l o w s :
Range 1 >12.42
Range 2 11.04 to 12.42
Range 3 9 .66 to  11.04
Range 4 8.28 to  9.66
Range 5 <8.28
I f  a p iece  achieved a minimum ME anywhere a long  I t s  l e n g th  w i t h i n  Range 1 
i t  was accepted f o r  Stage 3.
Stage 3: Pieces w i t h  ME >12.42 were graded us ing  a program to  d i s c r i m i n a t e
f i v e  ME ranges as f o l l o w s :
Range 1 >16.56
Range 2 15.18 to  16.56
Range 3 13.80 to 15.18
Range 4 12.42 to  13.80
Range 5 <12.42
A summary o f  the th ree  g rad ing  s tages i s  shown in Table  3-3 to g e th e r  w i t h  
the grade coding system used and the F grades assigned to  the v a r io u s  ME
ranges .
2 8 .
TABLE 3.3
Main program d e t a i l s  f o r  g rad ing  us ing the  ANU ComputermatIc
M odutiiA
E t a A t t c i t y
Mango,
[G?a]
Colotio cocUn,g fios1 the. 
va/U oas g o a d in g  s ta g e s
S tage , 7 Stage, 2 Stage, 3
Goading
Code,
A6*tgne.d  
F
Goade
>16.56 - - - 0 11
15.18 to  16.56 - - Green 1 11
13.80 to  15.18 i nc. - - Yellow 2 11
12.42 to 13.80 i nc. - - Purp le 3 11
11.04 to  12.42 i nc. - Green Red 4 11
9.66 to 11.04 i nc. - Yellow 5 8
8.28 to  9.66 i nc. - P u rp 1 e 6 8
6.90 to 8.28 i nc. Green Red 7 7
5.52 to 6 .90 i nc. Yellow 8 5
4.14 to 5.52 i nc. Purp le 9 4
<4.14 Red 10 r e j e c t
Some p i e c e s  were graded to  s l i g h t l y  d i f f e r e n t  programs 
to those  In Table 3 .3  and the se  a r e  shown In Table 3 . 4 .  The reason f o r  
the  d i f f e r e n t  programs Is n o t  known. However, the t h r e e  s t a g e  grad ing  
method was used f o r  the  o t h e r  programs as w e l l .  The ext reme f i b r e  s t r e s s e s  
a p p l i e d  were as f o l l o w s :
Stage 1 -  11.13 MPa
Stage 2 -  18.44 MPa
Stage 3 -  33.16 MPa
In Tab les  3.3 and 3 .4  the F g rades  a re  a s s ig n ed  us ing the 
c u r r e n t  F o r e s t r y  Commission o f  N.S.W. softwood grad ing  programs (Appendix B ) .
The machine g rad ing  a t  t h e  WTSFRD was c a r r i e d  out  us ing 
an extreme f i b r e  s t r e s s  o f  11.08 MPa and ME grade ranges  a re  shown In 
Table 3-5.  This  g r a d in g  was des igned  to  fo l low  th e  coding used fo r  the  ANU
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g ra d in g  (Tab le  3 .3 )  •
TABLE 3-4
Secondary program d e t a i l s  fo r  grading using the ANU Computermatic
Modulus of 
E la s t ic ity  
aumge.
( G?a)
Coloon coding fon the  
vanloos g nadlng 6 tag es
Stage 1 Stage 2 Stage 3
Gnadlng
Code
Assigned
F
Gnade
>19.32 - - - 91 11
14.49 to 19.32 - - G reen 92 11
11.04 to 14.49 inc .  - - Ye 1 low 93 11
8.63 to 11 .04 in c .  - Green Purp le 94 8
7.45 to 8.63 in c .  - Y e l low Red 95 7
6.56 to 7.45 incGreen Purp le 96 5
5.52 to 6.56 i ncYe 11 ow Red 97 5
4.14 to 5.52 incPurp  le 98 4
< 4 .14 Red 99 r e j e c t
TABLE 3-5
Program d e t a i l s  f o r  g rad ing us ing  the F o r e s t r y Commission o f
N.S.W. Computermat ic
Mo dolus 0 f 
E la s t ic ity  
nange 
(GPaj
Computenmatic
d e flec tion
values
( 0 . 1 9mm u n its )
Gnadlng
Code
Assigned
F
Gnade
> 1 6 . 5 6 13 0 11
1 5 . 1 8  t o  16.56 14 1 11
1 3 . 8 0  to  15.18 in c . 15 2 11
12.42 to  13.80 i nc. 16,17 3 11
11.04 to  12.42 inc . 1 8 - 2 0 4 11
9 . 6 6  to  11.04 i nc. 21-23 5 8
8 . 2 8  to  9 - 6 6 i n c . 24-27 6 8
6 . 9 0  to  8.28 i nc. 2 8 - 3 2 7 7
5 . 5 2  to 6 . 9 0 i nc. 33-41 8 5
4.14 to 5 .52 in c . 42-55 9 4
<4.14 >55 10 r e j e c t
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3 . 8 .2  t o  n o t grading.
35 mm th f c k  m a te r i a l  was v i s u a l l y  graded us ing the then 
c u r r e n t  v i s u a l  grad ing  r u l e s  (AS1490 -  1973),  Standards A sso c ia tio n  o f  
A u s tr a lia  (1973). The g rades  d i s c r i m i n a t e d  and t h e i r  codes are  given 
In Table 3*6.
TABLE 3-6
Code Numbers a s s ig n e d  to the  v i s u a l  s c a n t l i n g  g rades .
ASI 490 gnade. Grading code.
FI 1 6
F 8 7
F 7 8
F 5 9
F 5 Hear t  In 11
R e jec t 10
Since  AS 1490 was is sued  in 1973, a new assessm en t  o f  the  mechanical 
p r o p e r t i e s  o f  c l e a r ,  seasoned r a d i a t a  p ine  has been c a r r i e d  out  by CSIRO, 
(D itch b u m e3 K loo t and Rixmball3 1975) This  assessm ent i n d i c a t e d  t h a t  the 
s p e c i e s  shou ld  be a l l o c a t e d  to  s t r e n g t h  group SD6 no t  SD7, as p r e v io u s l y  
s p e c i f i e d  in the Timber Eng inee r ing  Code (Standards A sso c ia tio n  o f  
A u s tr a lia 3 1975a). As a r e s u l t  the s t r e s s  g rades  o f  the v i s u a l  grades  of  
r a d i a t a  p ine  which did not  con ta in  corewood were in c re a s e d  by one s t e p ,  
i . e .  F5 should  become F7 e t c .  This  in c re a s e  i s  no t  a p p l i c a b l e  to F5 
h e a r t - i n  s tu d  grade (F5Hi) s in c e  i t s  s t r e s s  r a t i n g  i s  no t  based on c l e a r  
wood p r o p e r t i e s  but  on the r e s u l t s  o f  t e s t i n g  f u l l  s i z e  s c a n t l i n g s .  The 
range o f  v i s u a l  grades  however was reduced to  t h r e e ;  F8, F7 and F5, 
e x c lu d in g  the h e a r t - i n  g ra d e s .  The change in g rad ing  r u l e s  had l i t t l e  
e f f e c t  on the r e s u l t s  o f  t h i s  work because  the  d i f f e r e n c e  in d e f e c t  s i z e
3 1 .
a l lowances  between grades is  s m a l l .  fn p r a c t i c e  the  apparent  b e n e f i t  
o f  the v a r io u s  v i s u a l  grades is  no t  u s u a l l y  r e a l i z e d  by the  t im b e r  p roducer  
because o f  the  d i f f i c u l t y  in  d i s c r i m i n a t i n g  between the h ig h e r  grades 
e c o n o m ic a l l y .  Consequen t ly  much o f  the  v i s u a l l y  graded s c a n t l i n g  in 
A u s t r a l i a  i s  graded to  a maximum o f  F5.
The boards were v i s u a l l y  graded to  ASO72- I 969 (S . A . A . , 1 9 6 9 ) .  
The grades and the codes used are  g iven  in Table  3-7 .  Th is  s tandard  was 
m e t r i c a t e d  in  1973 and issued as AS 1489“ 1973.
TABLE 3.7
Code Numbers ass igned  to  the  board
AS072 gnadz
Clear  
J o i n e r y  
S e lec t  
Standard  
R e jec t
grades
Grading Co du 
1
2
3
4
5
3.9 Ttmbzn. a amp t in g  deA&ujLcXivz £&&£&.
The Computermatic  machine o f  the  F o r e s t r y  Commission o f  
N.S.W. and a dev ice  known as a Mnemotype (G ra n t, 1977) were used t o  p ro v id e  
d e f l e c t i o n  read ings  o f  some 400 p ie c es .  These leng ths  rep resen ted  the 
m a j o r i t y  o f  the  35 mm x 150 mm and 35 mm x 200 mm s i z e s .  The Mnemotype, 
when connected t o  the Computerm at ic , records  and then p r i n t s  each d e f l e c t i o n  
va lue measured. The u n i t  was a l s o  used to  p ro v id e  a ccu ra te  i n d i c a t i o n  
o f  each p i e c e ' s  lowest  s t i f f n e s s  zone. f t  was in tended t h a t  each p iece  
would be te s te d  in a s t a t i c  machine, a t  the p o i n t  o f  lowest  s t i f f n e s s ,  in 
bending on the  w ide and nar row faces and then te s te d  to  d e s t r u c t i o n  on the 
narrow face .  T h is  i n f o r m a t i o n  was to  be used t o  p ro v id e  s t r e n g t h  data f o r  
r a d ia t a  p ine o f  35 mm x 150 mm and 35 mm x 200 mm s e c t i o n  s i z e s  s in c e
32.
l i t t l e  i s  known o f  the  s t i f f n e s s - s t r e n g t h  p r o p e r t f e s  of  r a d i a t a  pine 
in t h e se  s i z e s .  Approximate ly  100 samples  randomly s e l e c t e d  from the 
35 mm x 100 mm p i e c e s  were a l s o  t e s t e d  ( t h e s e  samples were taken by 
Mr Buick dur ing  the  o r i g i n a l  g r ad ing  a t  the Department  o f  F o r e s t r y ) .
3.10 Otk&i rrnas uaztmuXa .
Most of  the  t i mber  was weighed and l eng t hs  were measured 
to the n e a r e s t  f oo t .  The moi s t u r e  c o n t en t  of  about  20% o f  the p i eces  
was measured us ing  a r e s i s t a n c e  type mo i s t u r e  meter  ( i t  was found to be 
about  12% in most sampl es ) .
Twi s t ,  s p r i n g  and bow were measured fo r  a l l  35 mm t h i c k  
samples us ing the  methods d e s c r ib e d  in AS 1490—1973-
The presence  or  o t h e rw i s e  of  p i t h  was noted f o r  each 
s c a n t l i n g  p i e c e .  The coding used was as  f o l l ows :
1. i n d i c a t e d  the  pr esence  o f  p i t h  in t he  p i e c e .
2. i n d i c a t e d  t h a t  p a r t  o f  the  p i e ce  was c l o s e  t o  t he  p i t h .
3. i n d i c a t e d  t h a t  t h e r e  was no ev i dence  of  j u v e n i l e  t imber  in the  
p i e c e .
3.11 Vota RzcoAxting.
Computer coding forms were used to  record the va r ious  
d e t a i l s ,  g r a d e s ,  measurements  e t c .  f o r  each p i ece  o f  t i mbe r .  These forms 
inc luded the  f o l l ow i ng  in format ion  fo r  each p i ece :
( l i s t e d  in the  same o r d e r  the  i tems appea r  in the  computer  f i l e  l i s t e d  as 
Appendix C)
S e r i a l  number o f  the  p i e ce  ( i t em 1)
Tree number ( 2 ) ,  Log p o s i t i o n  c l a s s  ( 3 ) ,  p a r t  of  log (4)
Width in inch u n i t s  ( 5 ) ,  Thickness  in V ] £ inch u n i t s  (6)
Length of  p i e c e  in f e e t  (7)
Weight o f  p i e c e  in grams (8)
Visual  grade  (9)
Mechanical  grade  (10)
3 3 .
Overal l  t w i s t  (11)
Overa11 s p r in g  (12)
Overa11 bow (13)
Mois tu r e  c o n t e n t  (14)
Presence  o r  o t h e rw i s e  of  p i t h  (15)
Data were punched from t h e s e  forms on to  computer  c a r ds .  
The da t a  were s o r t e d  i n t o  t r e e  and log o r de r  so t h a t  i nd i v i dua l  log 
y i e l d s  could be checked and e v a l u a t e d .  An e x t r a c t  from Appendix C is 
given as Table  3 . 8  f o r  Tree and Log numbers 1/5,  2/1 and 2 /2 .
3.12 Ckzdzlng ofi log yloJidA fiot1 A.e.coA.cUng zaaosu.
Pi ec es  of  t imber  r ecorded  as being cut  from each log 
dur ing sawmi l l i ng  were drawn on squared paper  in a reassembled form in an 
a t t empt  t o  i d e n t i f y  any i n c o r r e c t l y  recorded p i e c e s .  This  procedure  
was found t o  be i n v a l u a b l e  in e l i m i n a t i n g  i n c o r r e c t l y  recorded  p i e c e s .  
Some p i e c e s  were found to  be i n c o r r e c t l y  recorded d e s p i t e  t he  va r ious  
methods employed to  avoi d  t h i s  dur ing mi l l i n g  and t h i s  work was seen 
as a n e c e s s a r y  p a r t  o f  e r r o r  e l i m i n a t i o n .
Some 26 logs were e l i m i n a t e d  because  of  i n c o r r e c t  data  
r eco r d i ng  and a smal l  number o f  p i e ces  were r e a s s i g n e d  to  o t h e r  logs 
us ing a l og i ca l  method based on the  s e r i a l  p rox i mi t y  o f  the  i n c o r r e c t l y  
r ecorded p i e c e s  t o  logs  wi th  s u i t a b l e  mi ss ing  s e c t i o n s  of  recorded 
m a t e r i a l .  Thi s  was p o s s i b l e  because  t he  o r d e r  of  c u t t i n g  the  logs was 
known.
Very few logs were cut  us ing  an i n c o r r e c t  sawing p a t t e r n  
and no logs were e l i m i n a t e d  because  of  t h i s .
The t o t a l  number o f  logs remaining in each age c l a s s
were:
184, 153, 32 and 26 logs in the  36-38,  30,  23 and 19 yea r  age c l a s s e s  
r e s p e c t i v e l y .
34.
TABLE 3.8
Example of sample piece data a f ter  sort ing into 
tree and log order
-359 .0 - I -4—4---- 9 6 -  24- 15—1 1 6 6 0 — 9 — 5— 6— 9— 2 - —0--3-
3 5 2 . 0 1 4 4 128 24 15 1 4 7 5 0 7 6 4 4 3 0 3
— L 0-7 r  0— - 1- 4 5 - 1 5 - 12_ 3 a 0 0_ 0 0 .a. .
1 1 0 . 0 1 5 3 64 16 9 3621 3 0 0 0 0 0 0
1 /va n 1 P 4__1 A _ 7 i I ( L l  1 Q -i_* V-T^ t \J
1 0 3 . 0 1 5 4 64 24 16 7 680 11 7 8 3 1 0 l
- 3 6 9 . 0 — 2 1ft 14 5702- -_ 5 . a. Q Q 0 a- 0 _
2 1 4 64 16 16 7 1 2 2 3 0 0 0 0 0 060 3 . 0
5 9 9 . 0 2 1 4 - 64 16 15 6 5 8 4 3 0 0 0 0 0 a
5 9 7 . 0 2 1 4 64 24 16 371 0 8 93 1 5 0 12 3
5 9 8 . 0 2 1 4- 64 24 16 8 4 4 6 8 94- 0 3 0 0 3-
5 9 3 . 0 2 1 4 64 24 15 8 1 3 7 9 94 2 3 0 12 3
5 9 4 . 0 2 1 4 64 24 15 7 6 3 0 9 96 6 6 1 11 3
5 9 5 . 0 2 1 4 64 24 15 7 0 96 10 97 4 8 0 10 2
5 9 6 . 0 2 1 4 64 24 16 7 2 4 4 11 99 15 13 4 11 1
5 8 4 . 0 2 1 2 80 16 6 3 8 2 4 1 0 0 0 0 0 0
5 9 1 . 0 2 1 3 112 16 11 9 1 7 7 3 0 0 0 0 0 0
5 9 2 . 0 2 1 3 128 24 16 1 9 0 1 0 8 5 3 13 4 0 3
* 5 9 0 . 0 2 1 1 128 24 16 18740 7 5 1 7 1 0 3
5 8 5 . 0 2 1 2 128 24 11 13920 6 6 2 6 1 0 1
* 6 0 4 . 0 2 1 4 160 24 16 0 7 0 8 0 0 9 Q
6 0 2 . 0 2 1 4 160 24 16 0 7 96 0 4 0 11 0
- 6 0 1 . 0 2 1 4 192 24 16 0 6 96 0 - 6 0 10 0
6 0 0 . 0 2 1 4 192 24 16 0 7 96 0 0 0 10 0
%6Q 0 . 1 2 1 4 192 24 15 0 6 97 0 0 0 11 0
* '588 .0 2 1 4 192 24 15 0 10 97 0 0 0 10 0
= 5 7 4 . 0 2 2 3 48 16 13 4 5 7 8 5 0 0 0 0 0 0
5 8 3 . 0 2 2 4 64 16 16 5 7 0 2 5 0 0 0 0 0 0
5 8 2 . 0 2 2 4 64 24 16 7 3 2 6 8 9 4 1 2 0 11 3
5 3 1 . 0 2 2 4 64 24 16 8 0 4 5 8 94 2 2 0 11 3
5 7 9 . 0 2 2 4 64 24 15 8 2 5 7 8 94 3 3 0 12 3
5 7 8 . 0 2 2 4 64 24 16 8 2 6 0 3 94 2 2 0 11 3
5 7 3 . 0 2 2 3 64 24 15 8 7 1 0 7 94 3 4 0 12 3
5 7 9 . 1 2 2 4 64 24 16 7 5 5 4 9 97 5 2 3 11 2
5 8 0 . 0 2 2 4 64 2 ^ 16 7 1 3 6 10 98 13 3 0 11- 1
5 7 1 . 0 2 2 1 96 16 16 9 6 0 8 5 0 0 0 0 0 0
5 8 6 . 0 2 2 4 112 16 9 6 940 5 0 0 0 0 0 0
5 8 7 . 0 2 2 4 128 24 16 1 7 6 2 0 6 4 2 2 1 0 3
5 7 2 . 0 2 2 2 128 2 4 16 1 8 0 5 0 7 5 3 4 1 0 0
5 7 7 . 0 2 2 4 192 24 16 0 8 94 0 0 0 9 0
5-^5 .0 -2 2 4- -192 2 4 16 0 6 95 4 - 7 —  0 - 9 - -0
5 7 3 . 1 2 2 4 192 24 16 0 9 96 0 5 0 10 0
- 5 7 6 . 0 2 2 4 192 2 4 16 0 8 98 0 - 0 - 2 10 0
3 5 .
3.13 P'tec.e voZiwieA, w^ UlulZ gsiade. vcUZulz. and me.c(iayUcaZ gtiado. vclZu.2,.
A computer program c a l l e d  TEDYP ( l i s t e d  as Appendix D) 
was used f o r  i n i t i a l  m a n ip u la t io n  o f  the  data on an i n d i v i d u a l  p iece 
b a s i s .  The program d id  the f o l l o w i n g :
1. Converted the v i s u a l  and mechanical  grade codes i n t o  ac tua l  
F r a t i n g s  accord ing  to  Tables  3 .3 ,  3 .4  and 3 .6 .
2. Changed the board grade codes to those l i s t e d  in Table  3.9 to  
a v o id  con fus ion  between board and s c a n t l i n g  grades.
3. Checked the  amount o f  t w i s t  a g a in s t  the  maximum a l l o w a b le  o f  
0 .45  x w id th  and downgraded the sample to  r e j e c t  i f  the  l i m i t  
was exceeded.
4. C a lc u la te d  rough sawn ( u n f i n i s h e d )  volumes and f i n i s h e d  (d ry ,  
dressed) volumes.
5. C a lc u la te d  " l i k e l y  rough-sawn volume" and " l i k e l y  machined 
vo lume" f o r  p ieces  t h a t  d id  no t  have a recorded  leng th  
measurement. The assumed leng th  in t h i s  case was 4.88 m.
Such samples were amongst those t h a t  had l o s t  t h e i r  s e r i a l  
numbers d u r in g  p ro c es s in g .
6. C a lc u la te d  the  a i r  d ry  d e n s i t y .
7. C a lc u la te d  the  r e l a t i v e  ex m i l l  door monetary va lue  o f  each 
sample us ing  r e l a t i v e  grade va lu es .  The va lues  used were those  
used by IFP , the  ma jo r  A .C .T .  sawmi1le r , a n d  are average f i g u r e s  
(Tab le  3 .1 0 ) .  The a c tu a l  v a lu e  o f  any p a r t i c u l a r  grade would 
change f rom t ime to  t im e  depending on supp ly  and demand 
c o n d i t i o n s .  At  any one t im e  IFP a p p ly  a c o n s ta n t  p r i c e  f o r  a l l  
s ize s  produced and t h e r e f o r e  no s i z e  premium was a p p l i e d  in the 
c a l c u l a t i o n s .  Board p ro d u c t i o n  is  n o r m a l l y  g iven low p r i o r i t y
in an i n c re a s in g  s c a n t l i n g  marke t  and,  in g e n e r a l ,  the  percentage 
volume o f  boards produced in an average m i l l  would be s i m i l a r  to  
t h a t  produced in t h i s  s tud y  ( f o r  the  same log s i z e s ) .  The 
c u r r e n t  p r a c t i c e  a t  IFP is  t o  sepa ra te  boards i n t o  o n l y  two 
grades -  a pass grade i n c l u d i n g  a l l  grades above r e j e c t  and a 
r e j e c t  g rade.  I t  is  a p p a r e n t l y  u n p r o f i t a b l e  f o r  the  company to  
separa te  the  board s tock  i n t o  more than one pass grade.  R e la t i v e
36 .
grade values  f o r  s c a n t l i n g  and boards are  g iven in Table  3 .10 .
3
N o te : Va lue i s  g iven on a u n i t s  per  m bas is  w i t h  F5 as the base a t
100 u n i t s /m ^ .  A c tua l  va lues  can be c a l c u l a t e d  by m u l t i p l y i n g  
the  c a l c u la t e d  r e l a t i v e  va lu e  by the  c u r r e n t  ex m i l l  door 
v a lu e  o f  F5 grade.
TABLE 3.9
Code numbers ass igned  to  the board grades ( reass ignm ent )
AS072 gnade.
Clear  
J o in e ry  
S e lec t  
Standard 
R e je c t
Gnadlng code.
21
22
23
24
25
TABLE 3.10
R e l a t i v e  grade va lu es  f o r  boards and s c a n t l i n g  (no te  F5 = 100 u n i t s
[a] S canning (b) Boan.cU>
F gAO.dc R e la tive  value, 
pen cubic, m
Gnn.de, R e la tive  value, 
pen. cubic, m
11 125 C1 ea r 140
8 115 J o in e r y 140
7 110 S e le c t 140
5 100 Standard 140
5HI 100 Re je c t 80
4 80
r e j e c t  50
Program TEDYP was used to  genera te  a s e r i e s  o f  data f i l e s  
w i t h  each f i l e  c o n t a i n i n g  the  r e s u l t s  f o r  a group o f  10 t r e e s .  The f i l e s
3 7 .
were c a l l e d  the  TYL s e r ie s  w i t h  TYL01 c o n t a i n i n g  data f rom t re e s  1 to  10, 
TYL11 c o n t a i n i n g  data from t r e e s  11 to  20 and so on.  The TYL f i l e s  are  
l i s t e d  as append ix  E w i t h  each f i l e  c o n t a i n i n g  the f o l l o w i n g  i n f o r m a t i o n  
f o r  each p ie c e :  ( l i s t e d  in the  same o r d e r  as the  data i tems appear in
Appendix E, a l l  measurements in mm un less  shown d i f f e r e n t l y ) .
S e r ia l  number o f  the  p iece  ( I tem  1)
Tree number ( 2 ) ,  Log p o s i t i o n  c la s s  ( 3 ) ,  p a r t  o f  log (A)
Sawn w id t h  (5 ) ,  machined w id t h  (6)
Sawn th i c k n e s s  ( 7 ) ,  machined t h i c k n e s s  (8)
Length (m) (9)
T w is t  (1 0 ) ,  Spr in g  (1 1 ) ,  Bow (12)
M o is tu re  c o n te n t  % (13)
Presence o r  absence o f  p i t h  (14)
A i r  d ry  d e n s i t y  Kg /cub ic  m (15)
Sawn volume x 10~3 c u b i c  m (16)
Board v a lu e  (sawn volume) (17)
S c a n t l i n g ,  v i s u a l  grade va lue  (sawn) (18)
S c a n t l i n g ,  machine grade va lue  (sawn) (19)
Machined volume x 1 0 "^  cu b ic  m (20)
Board grade (21 ) ,  Board va lu e  (machined volume) (22)
S c a n t l i n g  v i s u a l  grade (23)
S c a n t l i n g  v i s u a l  grade v a lu e  (machined volume) (24)
S c a n t l i n g  machine grade (25)
S c a n t l i n g  machine grade va lue  (machined volume) (26)
L i k e l y  sawn volume x 10 ^ c u b ic  m (27)
L i k e l y  machined volume x 10 ^ c u b ic  m (28)
3.14 Log volumes and log va lue r.
Data f rom the TYL s e r i e s  f i l e s  were used as in p u t  f o r  a 
program TDGYLP ( l i s t e d  as Appendix  F ) . The program c a l c u l a t e d  t o t a l  
recovered volume and t o t a l  va lu e  f o r  a l l  logs i n d i v i d u a l l y  i n c l u d i n g  
e s t im a te d  volumes and va lues  f o r  logs c o n t a i n i n g  t im b e r  t h a t  was ungraded 
(because o f  loss o f  p ie ce  number).  I t  a l s o  c a l c u l a t e d  the  percen tage  o f
3 8 .
each log t h a t  was ungraded so t h a t  c e r t a i n  logs could be e l i m i n a t e d  f rom
3
the  l a t e r  work .  100 u n i t s  o f  va lue /m was assumed f o r  the  ungraded
3
s c a n t l i n g s  and 115 u n i t s /m  f o r  the  boards.  These va lues  were chosen 
because the y  rep resen ted  the  average v a lu e  f o r  the  p a r t i c u l a r  p ie ce  t y p e .  
Program TDGYLP generated the  f o l l o w i n g  data f o r  each log us ing  TYL s e r i e s  
f i l e s :
Tree number ( 1 ) ,  log p o s i t i o n  c la s s  (2)
3
Mean d e n s i t y  o f  recovered t im b e r  kg /n r  (3)
_ 3
T o ta l  sawn and machined volume x 10 c u b ic  m (4)
T o ta l  board va lue  recovered (5)
T o ta l  s c a n t l i n g  va lue  recovered  based on v i s u a l  grade (6)
T o ta l  s c a n t l i n g  va lu e  recovered  based on machine grade (7)
T o ta l  board va lu e  + t o t a l  s c a n t l i n g  v a lue  ( v i s u a l  grade) (8)
T o ta l  board va lu e  + t o t a l  s c a n t l i n g  va lue  (machine grade) (9)
Volume o f  board m a te r ia l  recovered  as a percentage o f  t o t a l  
recovered volume (10)
Value o f  board m a t e r i a l  recovered  as a percen tage  o f  t o t a l  board 
va lu e  p lus  t o t a l  s c a n t l i n g  v a lue  ( v i s u a l  grade) (11)
Value o f  board m a te r ia l  recovered  as a percentage o f  t o t a l  board 
va lue  p lus  t o t a l  s c a n t l i n g  v a lue  (machine grade) (12)
Items (4) to  (12) w i t h  p r o j e c t e d  volumes and va lues  in c luded  
Volume o f  log ungraded as a percen tage  o f  graded volume (13)
Va lue o f  ungraded samples as a percen tage  o f  log va lu e  as dete rm ined  
f rom a c tu a l  v i s u a l  and mechanical  grades (14)
G e n e ra l l y  the  l i m i t  used to  e l i m i n a t e  logs because o f  la ck  
o f  data was about  5% to  10% o f  t o t a l  graded volume ( i t em  13 above) i . e .  i f  
a log had 90% to  95% o r  more o f  i t s  t im b e r  a c t u a l l y  graded then i t  was 
r e ta i n e d  in the  TYL data f i l e s  f o r  f u r t h e r  a n a l y s i s .  i f  no t  i t  was 
e l i m i n a t e d  f rom these f i l e s .
3 . 1 5  Ibumdi 4 /C ze .
The s i z e  and d i s t a n c e  f rom the  ground o f  a l l  branches on 
the merchantab le  p a r t  o f  the  stems o f  71 t re es  were recorded a t  the  t im e
3 9 .
o f  f e l l i n g .  The s e r i a l  numbers o f  the  t r e e s  concerned and t h e i r  compartment  
numbers a re  g iven  in Tab le  3 .11 .  Complete branch s i z e  data (mm) t o g e t h e r  
w i t h  t r e e  h e i g h t s  ( f t )  and log end d ia m ete rs  under ba rk  ( in ches )  a re  l i s t e d  
in Appendix G.
Compartment and
Compcuitmznt No.
79
104, 105 (SQ.1)
104, 105 (SQ2)
104, 105 (SQ3)
139
143
162a
TABLE 3.11
s e r i a l  numbers o f  the  t r e e s  
branch s izes  measured
No. o& tsiazA m&uuAzd
10
3
3
5
40
5
5
t h a t  had t h e i r
X'tee a q j l l o Z  N o .
I t o  10 
84,  88,  90 
61, 62, 63
74, 75, 77, 79, 8c
I I  t o  50
92,  94,  95,  99, K  
53,  54,  56,  58, 6C
Branch s i z e  was ana lysed  on an i n d i v i d u a l  log b as i s  so 
t h a t  the e f f e c t  on log va lues  and log grade re c o v e r ie s  could  be de te rm ined ,  
r a t h e r  than c o n s i d e r i n g  branch s i z e  a t  p a r t i c u l a r  p o i n t s  a long  the  t r u n k  
and t r y i n g  to  deve lop general  models.  The f o l l o w i n g  branch s i z e  
s t a t i s t i c s  were dete rm ined  f o r  each log :
T o ta l  number o f  branches (BN)
Mean branch s i z e  (BS)
Size o f  the  l a r g e s t  branch (BSMAX)
Mean o f  the  l a r g e s t  5 branches (BS5)
Mean o f  the  l a r g e s t  10 branches (BS10)
Mean o f  the  l a r g e s t  15 branches (BS15)
Other s t a t i s t i c s  c a l c u l a t e d  inc luded  s tandard  d e v i a t i o n ,  
s tan d a rd ized  skewness,  s tan d a rd i z ed  k u r t o s i s  and f re quency  d i s t r i b u t i o n .  
They were genera ted by the p a r t i c u l a r  computer  program used f o r  the
k o .
a n a l y s i s .  The program used to  g e n e r a t e  t he  branch s t a t i s t i c s  was a 
modi f i ed  NSW F o r e s t r y  Commission program TMOAGR G rant (1975)  normal ly 
used to  de t e rmi ne  u n i v a r i a t e  pa r amet e r s  o f  s t r e n g t h  fo r  v a r i ous  t imber  
g r ades .  However the  program,  a p a r t  from c a l c u l a t i n g  v a r i o u s  s t a t i s t i c s ,  
o r d e r s  the  da t a  and was e a s i l y  modi f i ed  to  c a l c u l a t e  t he  mean of  the  
l a r g e s t  5,  10 and 15 branches .  The modi f i ed  program was c a l l e d  TMAGR 
and is l i s t e d  as Appendix H. A sample p r i n t o u t  from TMAGR is  shown in 
Table 3.12 fo r  t r e e  7 log p o s i t i o n  c l a s s  2.  This  is a t y p i c a l  log wi th 
the  branch s i z e  d i s t r i b u t i o n  showing p o s i t i v e  skewness.
The means of  the  l a r g e s t  5,  10 and 15 branches  pe r  log 
were c a l c u l a t e d  because i t  was t hought  they could be a b e t t e r  i n d i c a t o r  
of  the e f f e c t  o f  branches  on va l ue  than the maximum branch s i z e ,  because 
the  o ve r a l l  average  grade  of  t imber  cut  from a log is  a f f e c t e d  more by 
a number of  l a rg e  knot s  r a t h e r  than by j u s t  a s i n g l e  knot .
The program a l s o  conver t ed  the  t r e e  h e i g h t  and log 
d i amet e r s  i n t o  m e t r i c  u n i t s .
3.16 PsizpaAcution log volume., log value, and branch, blze. data o^k 
a n a ly tic .
Data r e l a t i n g  to  log s i z e ,  r ecovered volume,  va l ues  and 
branch s i z e  were combined and e n t e r e d  in t o  f i l e  T585R, l i s t e d  as  Appendix I.  
The f i l e  c o n t a i n s  the f o l l owi ng  i n f ormat ion  fo r  each log:  ( l i s t e d  in the
same o r de r  as  the  da t a  i tems appear  in the Appendix) .
Tree number (1) ,  log p o s i t i o n  c l a s s  (2)
Small end d i amete r  under bark (sedub) mm (3)
Large end d i amete r  under bark  ( ledub)  mm (A)
~3 3Machined volume o f  t imber  r ecove red  x 10 nr (VRec) (5)
Percen t age  of  VRec cu t  i n t o  boards  (6)
Total  va l ue  o f  log ie .boards + s c a n t l i n g  v i s u a l l y  graded (VV) (7)
Total  v a l ue  of  log ie.boards + s c a n t l i n g  me chan i c a l l y  graded (MV) (8)
•3
Average a i r  dry d e n s i t y  of  r ecovered  t imber  kg/nr  (9)
TABLE 3 .12
Sample p r i n t o u t  o f  branch s i z e  s t a t i s t i c s  f o r  t r e e  7, log
p o s i t i o n  c la s s  2
11/08/79
T P R 5 7 9
TRPF = 7 100 = 2 h T = 31.7 0 Gh CROWN RT=L5.54 OI IR 1 = 7 7 0  PI IR 2 = 7 0 8
M:  4 ft MFA M = 2 7 T 9 7 m F AM 1 M 1 X I :  7 . 0 4
MA X = 52.00 S.D.= 
m t m = 5.oo r . v . =
1 1 . 7 7  S.D 
4 9 . 1  A0«- r  . V/
L M ( X ) s .56
1 M ( X1:  18.58*
SK . = 
__XI IB . =
. 3 7  S*
2 . 2 8  X I  IP
LN ( X ) =  -.56
L N ( X 1 = 2 ^ 6 ___
( N 
Ui_
D I S T = 0 )
JXLSX=3-«^-E C.T. = 1.8 4.E.XB-5S.
MflDMAI Pi T 3 T 1 / 4 0 i n-J p o n f l : . 3 9  MPA
LOG TRANSF 1/40 LOW PR0B= 6 . 7 4  MPA
ASTM D2915 1 / 4 0
OFAPFDM 1 / 4 0
LOW PR0B=
1 p *  PROR=
5 . 3 5  N-PA
RANGE F D F n  *  F P F O *  r  11 m f  p r  o
5 . 0  =< 7.5
7.5 =< 1 0 . 0
2 4 . 3
3 6 . 5  .
4 . 3
1Q.Q
1 0 . 0  =< 12.5 
12 . 5 =< 1 5 . 0
4 8 . 7
2 4 . 7
1 9 . 6
2 7 . 9
15.0 =< 17.5 
17.5 =<  20.0
7 1 5 . 2
2 4 . 3
3 9 . 1  
4 3 . 5
20.0 =< 22.5 
22.5 =< 25.0
3 6 . 5
1 2 . 2
5 0 . 0  
5 2 . 2
25.0 =< 27.5 
27.5 =< 30.0
4 8 . 7
3 6 . 5
6 0 . 9
6 7 . 4
30.0 =< 32.5 
32.. 5 =< 35.0
4 8 . 7
2 4 . 3
7 6 . 1
8 0 . 4
35.0 =< 37.5 
3.7 *.5 =< A 0.0
1 2 . 2
3 6 . 5
8 2 . 6  
8 9 . 1
A 0 .0 =< 42.5 
A2..5 =< 45«_0
1 2 . 2
2 4 . 3
9 1 . 3
9 5 . 7
4 5 . 0  =< 4 7 . 5  
4 7 . 5  =< 5 0 . 0
1 2 . 2
0 . 0
9 7 . 8
9 7 . 8
5 0 . 0  =< 5 2 . 5 1 2 . 2 100.0
_0 R QERED ARRAY OF BRA NC H SIZES IN m m .
6 7 8 8 8 10 1 1 1 1 12 14 14 15 16 1 6 16 17 17
17 18 19 22 22 22 24 25 25 25 27 28 28 28 30 31
_ai_ 3 2 3 7 34 36 3 8 38 _38 4 L  43. 4 4 4.5 52,
m£AM_0E_LARGF-ST 5 SRANCHF^s4 5 . 0 10 _RRANCtiELS=-40.^9 15 BRANCHES= 17.«.7.
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Est im ated  volume o f  t im b e r  ungraded as a I  o f  volume graded (10)
Log s i z e  c la s s  (no t  used) (11)
BN (1 2 ) ,  BS (1 3 ) ,  BSMAX (1 4 ) ,  BST (1 5 ) ,  BSTÖ" (1 6 ) ,  BSTT (17)
N ote :  I f  an unaccep tab le  percen tage  o f  t im b e r  was ungraded f rom any
p a r t i c u l a r  log ( i e .  g r e a t e r  than about  10%) the  p r o je c te d  va lu es  (d e s c r ib ed  
in s e c t i o n  3 .14 )  were not  in c luded  in T585R. P ro je c te d  volumes f o r  these 
logs were in c lu d e d ,  however,  because the  o n l y  assumpt ion made was t h a t  the 
p ieces  cu t  f rom them were 4.88 m long and any e r r o r s  r e s u l t i n g  f rom t h i s  
assumpt ion wou ld  be s m a l l .
Data f rom f i l e  T585R was used to  c a l c u l a t e  percen tage
3 3re c o v e r ie s  f o r  each log and log va lues  /n r  o f  log and log va lues  /m o f  
p ro d u c t .  Log volume was dete rm ined  using the  Smalian fo rmu la  
ie .  Volume = L
where S and s a re  the  s e c t i o n a l  areas  o f  the  ends o f  the  log 
and L is  the  log le n g th .
The program used was named T585MP and i s  l i s t e d  as Appendix J .  C a lc u la te d  
r e s u l t s  f o r  logs w i t h  known va lu es  were f i l e d  under T585RM and c o n s i s te d  o f  
the f o l l o w i n g  i n f o r m a t i o n  f o r  each lo g :  ( l i s t e d  in the same o r d e r  as the
data i tems appear in Appendix K which is  a l i s t i n g  o f  T585RM o rdered  in terms
o f  log p o s i t i o n  c la s s  and named T585S L ) .
Tree number ( 1 ) ,  log p o s i t i o n  c la s s  ( 2 ) ,  sedub ( 3 ) ,  ledub (4)
_3 3C a lc u la te d  log volume x 10 nr (5)
~3 3
Machine volume o f  t im b e r  recovered  x 10 nr (6)
Percentage o f  log volume recovered  (7)
BN ( 8 ) ,  BS ( 9 ) ,  BSMAX ( 1 0 ) ,  BS5" ( 1 1 ) ,  BSTÖ ( 1 2 ) ,  BST"5 ( 1 3 )
MV per c u b i c  m o f  log (MV/m^L) (14)
VV per c u b ic  m o f  log (VV/m^L) (15)
\  3
MV per c u b i c  m o f  p roduc t  volume (MV/nrrP) (16)
3
VV per c u b ic  m o f  p ro du c t volume (VV/m P) (17)
The r e s u l t s  g iven  above were used to  c a l c u l a t e  average 
p roduc t  va lu es  (as a percen tage  o f  volume) f o r  each log p o s i t i o n  c la s s  f o r
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each sampl ing  s t r a t i f i c a t i o n .  A l l  logs recovered  f rom each group ( l i s t e d  
in T585R) were inc luded  in the  c a l c u l a t i o n s  le .  e s t im a te s  are based on 
the t o t a l  sample in each s t r a t i f i c a t i o n  (maximum o f  10 l o g s ) .  The va lues  
c a l c u l a t e d  were as f o l l o w s :
T o ta l  MV/m3L c a l l e d  T M V /m \  , TVV/m3L, TMV/m3P and TVV/m3P.
3.17  G*.ade, y^<zJLdt>.
3.17.1 Grads y ie ld s  fro m  the  in d iv id u a l  lo g s
Grade y i e l d s  f rom each log were c a l c u l a t e d  using program 
TDYLPP. Th is  program used the TYL s e r ie s  f i l e s  as i n p u t  (Appendix E ) .
Note t h a t  the p iece  data f rom logs c o n ta in in g  more than the  maximum 
a l l o w a b l e  percen tage o f  ungraded t im be r  were e l i m i n a t e d  f rom the  TYL 
f i l e s  b e fo re  the  grade y i e l d s  were dete rmined (see s e c t i o n  3 . 1 4 ) .  Any 
ungraded p ieces  r e ta i n e d  were ass igned the  average grade o f  F5 f o r  both the 
v i s u a l  and mechanical  grades.
The data p r i n t o u t  o f  the c a l c u l a t i o n s  o f  grade y i e l d s  was 
in the  fo rm a t  shown in Table  3*13.  The f i r s t  l i n e  g ives  the t o t a l  machined 
volume o f  t im b e r  in each machine grade -  F 11, F8, F7, F5 , F4, R e je c t  and 
then t o t a l  s c a n t l i n g  volume r e s p e c t i v e l y .  The 2nd l i n e  g ives  the  percentages 
in each machine grade d i r e c t l y  below the volume r e c o v e r i e s .
TABLE 3.13
Grade y i e l d s  f o r t im b e r recove red from t r e e 74 log p o s i t i o n
c la s s  4 (see t e x t f o r  e x p la n a t i o n o f  t a b l e , s e c t i o n 3.17 .1)
T R E E  74 L O G  4
.00 1 6 . 7 6 1 5 . 7 2 1 5 . 7 2 . 0 0 .00 4o . 20
. U* 3 4 . 6 * 3 2 . 6 * 3 2 . 6 % . 0 % .0%
. 0 0 . 0 0 . 0 0 .00 4 8 . 2 0 .00 4 3 . 2 0
. U* . ü * . 0 * .0% 1 0 0 . 0 % . 0 *
. U 0 . 0 0 7 . 4 2 7 . ^ 2 .00 1 4 . 3 4
• 0 Sfj . 0* 5 0 . 0 * 5 0 . 0 % • 0 %
Note a 11 v o 1umes are xlO ^  c ub ic m .
The t h i r d  and f o u r t h  l i n e s  g ive  r e s u l t s  for  the  v i s u a l  
g rades  in t he  same manner ie .  F l l ,  F8, F7, F5, F5HI, R e j e c t ,  Tota l  and 
then p e r ce n t a g e  y i e l d s  undernea th .
The f i f t h  l i n e  g ives  t he  volume of  t i mber  in each board 
grade - c l e a r ,  j o i n e r y ,  s e l e c t ,  s t a n d a r d ,  r e j e c t  and t o t a l  board volume 
r ecove red .  The s i x t h  l i n e  g ives  the p e r ce n t ages  in each board grade 
d i r e c t l y  below the  volume r e c o v e r i e s .
3 . 1 7 . 2  Grade y ie ld s  from the s t r a t i f i e d  log groups.
The modi f i ed  TYL s e r i e s  f i l e s  d e s c r ib e d  in s e c t i o n  3.17*1 
( i e .  a f t e r  e l i m i n a t i o n  of  the  p i e ce  data  f o r  logs c o n t a i n i n g  more than the  
maximum a l l o wa b l e  pe r ce n t age  o f  ungraded t imber)  were each s o r t e d  accord i ng  
t o  log p o s i t i o n  c l a s s e s .  These f i l e s  were c a l l e d  TYL1IS, TYLLIIS e t c .
F i 1 e TYL I IS is 1 i s t e d  in Appendix L as  an example Program TDYLPP a f t e r  s l i g h t  
m o d i f i c a t i on  ( the  modi f i ed  program is  l i s t e d  in Appendix M) was used 
wi t h  the  TYLS f i l e s  as  input  to  c a l c u l a t e  grade y i e l d s  on a log p o s i t i o n  
c l a s s  b a s i s  f o r  each sampl ing s t r a t i f i c a t i o n .  An example o f  t h e  ou t p u t  
from TDYLPP (Modif ied)  is given in t a b l e  3*1^* The e x p l a n a t i o n  of  t he  
meaning of  t he  v a r io u s  data  i tems is  i d e n t i c a l  to  t h a t  p r e s en t e d  in s e c t i o n  
3.17.1 when Table  3*13 was d e s c r i b e d .
3.17.3 Apparent average whole tree  grade y ie ld s  from each 
s tr a t i f ic a t io n .
The grade  y i e l d s  from the  s t r a t i f i e d  log groups ( see  
Sec t ion  3*17*2) were used to  de t e rmine  appa ren t  average  whole t r e e  grade  
y i e l d s  for  a l l  sample groups o t h e r  than cp t  79 (Cpt 79 was the only  
s t r a t i f i c a t i o n  where f u l l  grade  y i e l d  data  was a v a i l a b l e  fo r  a l l  10 
sample t r e e s ) .  The word appa r e n t  i n d i c a t e s  t h a t  c a u t i on  must be used when- 
app l y ing  the  c a l c u l a t e d  y i e l d s  fo r  t h a t  p a r t i c u l a r  s t r a t i f i c a t i o n  because  
somet imes,  sma l l ,  unequal  numbers o f  logs  were recovered from t h e  v a r i ous  
log p o s i t i o n s .
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The apparent average whole t r e e  y i e l d s  were determined 
from e i t h e r  the  lower 3 or 4 log p o s i t io n  c l a s s e s ,  as indicated for the 
p art icu lar  stand in Chapter 4, by c a l c u la t in g  the mean volume/log in 
each grade for each log p o s i t i o n ,  summing these  for a l l  the logs considered  
and then determining the r e s u l t i n g  grade y i e l d s .
TABLE 3.14
Grade y i e l d s  for timber recovered from a l l  logs in 
the various log p o s i t io n  c l a s s e s  for compartment 162a
LOG HEIGHT CLASS= 1
. 0 0 1 1 . 5 2 1 3 . 6 2 9 9 . 5 4 6 4 . 9 6 8 0 . 6 8 2 7 0 . 3 2
. 0* 4 • 3% 5 . 0% 3 6 . 8 % 2 4 . 0 % 2 9 . 8 %
. 0 0 2 5 . 1 5 . 0 0 3 3 . 5 3 1 4 7 . 7 3 6 3 . 9 1 2 7 0 . 3 2
.0% 9 . 3% .0% 12 . 4% 5 4 . 7 % 2 3 . 6 %
. 0 0 6 . 4 3 5 6 . 2 9 9 . 3 3 1 5 . 5 9 8 7 , 6 4
. 0% 7 . 3  % 6 4 . 2 % 1 0 . 6% 17 . 3%
LOG HEIGHT CLASS= 2
. 0 0 . 0 0 6 2 . 8 6 6 6 . 0 1 5 0 . 2 9 . 0 0 1 7 9 . 1 6
• 0% .0% 3 5 . 1 % 3 6 . 8 % 2 8 . 1 % • 0%
• 00 . 0 0 1 3 . 6 2 1 5 . 7 2 1 3 3 . 0 6 1 6 . 7 6 1 7 9 . 1 6
• 0% .0% 7. 6% 8. 8% 7 4 . 3 % 9 . 4%
. 0 0 . 0 0 2 0 . 7 8 1 0 . 0 0 1 7 . 9 2 4 8 , 6 9
• 0% .0% 4 2 . 7 % 2 0 . 5 % 3 6 . 8 %
LOG HEIGHT CLASS= 3
. 0 0 . 0 0 1 6 . 7 6 5 0 . 2 9 . 0 0 . 0 0 6 7 . 0 6
.0% .0% 2 5 . 0 % 7 5 . 0 % .0% • 0%
. 0 0 . 0 0 . 0 0 . 0 0 6 7 . 0 6 . 0 0 6 7 . 0 6
.0% .0% .0% .0% 10 0 . 0 % • 0%
. 0 0 . 0 0 . 0 0 6 . 4 3 5 8 . 9 5 6 5 , 3 8
• 0 $ .0% .0% 9. 8% 9 0 . 2 %
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CHAPTER 4
RESULTS AND DISCUSSION
4.1 Stand klstosvc&s and mean 6tz2A ioAi the. AampZzd compaAtmznti.
Stand h i s t o r i e s  are  presen ted  in Tables 4.1 to  4 . 5 .  Mean 
h e ig h t  and mean d iameter  data f o r  the  t r e e s  sampled f rom the  v a r io u s  
s t r a t i f i c a t i o n s  are  p resen ted in Tables  4.6  t o  4 .1 0 .  F ig u re  4.1 i s  a 
p i c t o r i a l  r e p r e s e n ta t i o n  o f  the  sampled stands d e p i c t i n g  mean h e i g h t ,  
mean green crown leve l  and mean t r e e  d iam e te r  a t  a p p ro x im a te ly  5 m 
above ground o f  the  t r e e s  sampled f rom each compartment.  Th is  f i g u r e  
i l l u s t r a t e s  the  general  e f f e c t  o f  age, spac ing  and s i t e  q u a l i t y  on t r e e  
s i z e .
Cpt . 162a as expected  had the  s m a l le s t  t r e e s  because i t  
was the youngest  sampled. Th is  compartment  was p la n te d  a t  8 f e e t  by 
8 f e e t  (2 .44 m x 2 .44 m) spac ing  and was un th inned  a t  the  sampl ing  age o f  
19 yea rs .
Cpt.  149 p la n te d  a t  9 f e e t  by 9 f e e t  (2 .74 m x 2 .74  m) 
and unth inned  when sampled a t  age 23 was the second youngest  s tan d .  The 
mean s i z e  o f  the  t r e e s  f rom t h i s  stand was in between the  mean s i z e  o f  the  
t re e s  sampled f rom the 6 f e e t  by 6 f e e t  (1 .83 m x 1 . 8 3  m) and the  8 f e e t  
by 8 f e e t  (2 .44  m x 2.44 m) spacings  o f  c p t .  139 (age 30 years when sampled).  
Assuming s i m i l a r  s i t e  q u a l i t i e s  f o r  c p t s .  139 and 149 t h i s  r e s u l t  i n d i c a t e s  
t h a t  t re es  ach ieve  a merchantab le  s i z e  a t  an e a r l i e r  age i f  p la n te d  a t  
w id e r  spac ings .
The spac ing t r i a l  in c p t .  139 produced t a l l e r  and l a r g e r  
d ia m ete r  t re es  as spac ing inc reased .  There was a s i g n i f i c a n t  l i n e a r  t r e n d -  
in the r e l a t i o n s h i p  between t r e e  d iam ete r  and spac ing .  T h is  r e l a t i o n s h i p  
is  i l l u s t r a t e d  in F igu re  4 .2 .  There was a l s o  a s i g n i f i c a n t  l i n e a r  
r e l a t i o n s h i p  between mean t r e e  h e ig h t  and spac ing but  no s i g n i f i c a n t
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TABLE 4.1
Stand h i s t o r y  f o r  Compartment 79
Year p la n te d  
Seed s to c k
I n i t i a l  spac ing  
Pruning  h i s t o r y
T h in n in g  h i s t o r y
S i t e  qua 1i t y
1933
U r i a r r a  Nurse ry  seedl mgs f rom Cooper's 
New Zealand s to c k .
12 f e e t  x 12 f e e t  (3.66 m x 3*66 m)
No records  a v a i l a b l e  bu t  p robab ly  low pruned to  
2 .4  m.
Thinned 1948, 53,  56, 59,  63,  70 i e .  a t  ages 15, 
20,  23, 26, 30, 37.
I n s u f f i c i e n t  i n f o r m a t i o n  to  dete rm ine  s i t e  q u a l i t y .  
S i t e  p robab ly  had areas o f  SQ.1, SQ2 and SQ.3*
TABLE 4 .2
Stand h i s t o r y  f o r  compartments 104 and 105
Year p la n te d
Seed s tock
I n i t i a l  spac ing
Pruning  h i s t o r y
T h in n in g  hi  s t o r y
(Cpt .104)
T h in n in g  h i s t o r y
(Cpt .105)
S i te  qua 1 i t y
1935
No record
12 f e e t  x  12 f e e t  (3.66 m x 3*66 m)
Low pruned to  2 .4  m.
Thinned 1951, 55,  60,  70 ie .  a t  ages 16, 20,  25,  35.
Thinned 1954, 57,  60,  64,  70 i e .  a t  ages 19, 22,  25, 
31,  35.
Areas o f  SQ.1, SQ.2 and SQ3.
TABLE 4.3
Stand h i s t o r y  f o r  compartment 139 (spac ing  t r i a l )
Year p la n te d  
Seed s tock  
I n i t i a l  spac ing 
Pruning  h i s t o r y  
T h in n in g  h i s t o r y  
S i t e  q u a l i t y
1941
no reco rd .
4 i n i t i a l  spac tngs in t r i a l  a rea .
unpruned.
unth in n e d .
3
TABLE 4 .4
Stand h is to ry  fo r  compartment 149
Year planted  
Seed stock  
I n i t i a l  spacing 
Pruning h is to ry  
Thinning h is to ry  
S ite  qua 1i ty
1948
No record
9 fe e t  x 9 fe e t  (2 .74  m x 2 .74 m)
Pruned at age 13 to between 1.2 m and 2 .4  m. 
Unthinned 
2
TABLE 4.5
Stand h is to ry  fo r  compartment 162a
Year planted  
Seed stock 
I n i t i a l  spacing 
Pruning hi story  
Thinning h is to ry  
S ite  qua 1i ty
1952
No record
8 fe e t  x 8 fe e t  (2 .44  m x 2 .44 m) 
Pruned at age 8 to 1.2 m. 
Unthinned
Areas o f  SQ.1, SQ2 and SQ3.
TABLE 4.6
Summary o f mean height and diameter data fo r  the trees  sampled
from compartment 79
(N o te : c o e f f ic ie n t  o f  v a r ia t io n  i s  shown in  b ra c k e ts )
Tree age when f e l l e d  
Number o f trees  measured
38 years 
10
T ree s e r ia l  numbers assigned 1 to 10
Mean tre e  height (m) 36.24 do% )
Mean green crown leve l (m) 16.06 ( m )
Mean dub a t ground (mm) 503 (26%)
Mean dub a t 4 .95 m (mm) 396 (211)
Mean dub a t 9.91 m (mm) 356 (20%)
Mean dub a t 14.86 m (mm) 313 (25%)
Mean dub a t 19.81 m (mm) 267 (26%)
Mean dub a t 24 .77  m (mm) 209* (32%)
*Mean diameter a t  24.77m is fo r  9 t re e s .
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TABLE 4 .7
Summary o f  mean h e ig h t  and d iam ete r data f o r  the  t re e s  sampled from
compartments 104 and 105
(Note: c o e f f ic ie n t  o f  v a r ia t io n  is  shown in  b raoke ts )
Si te q u a l i t y  o f  sample s tand 1 2 3
T ree age when f e l l e d  (yea rs ) 36 36 36
T ree s e r ia l  numbers ass igned 81 to 90 61 to  70 71 to  80
Number o f  t re e s  measured 8 8 7
Mean t re e  h e ig h t  (m) 35.17 ( 7  % 33.78 ( 4S) 3 1 . 2 6  ( 5 %)
Mean green crown le ve l (m) 14.63 08%) 13.87 (16%) 14.37 (20%)
Mean dub a t  ground (mm) 407 on) 368 03%) 348 on)
Mean dub a t  4 .95 m (mm) 340 on) 308 (10%) 287 0 3 « )
Mean dub a t  9.91 m (mm) 298 0 2 %) 282 ( 9%) 251 (12%)
Mean dub a t  14.86 m (mm) 260 ( 12%) 251 on) 221 (12%)
Mean dub a t  19.81 m (mm) 210 on) 203 (13%) 178 on)
TABLE 4 .8
Summary o f  mean h e ig h t  and d ia m e te r  data f o r  the  t re e s  sampled from
compartment 139
(Note: c o e f f ic ie n t  o f  v a r ia t io n  is  shown in  b ra cke ts )
I n i t i a l  spac ing  (square) 1.83 m 2 J *4 m 3.05 m 3.66 m
Tree age when f e l l e d  (yea rs ) 30 30 30 30
T ree s e r ia l  numbers ass igned 11 to 20 21 to 30 31 to 40 41 to 50
Number o f  t re e s  measured 10 10 10 10
Mean t re e  h e ig h t  (m) 26.95 ( 5%) 2 9 . 4 7 ( 7 % ) 30.51 ( n) 32.61 ( 6%
Mean green crown le v e l  (m) 13.08 ( 17%) 1 3 .6 9 (10%) 13.40 06%) 15.51 (12%
Mean dub a t  ground (mm) 234 (10%) 287 (18%) 320 ( 9 %) 328 (12%
Mean dub a t  4 .95 m (mm) 196 (12%) 236 (1 3 % ) 262 on) 282 on
Mean dub a t  9.91 m (mm) 170 (17%) 208 (14%) 234 0 2 %) 246 on
Mean dub a t  14.86 m (mm) 149 09%) 168 (15S) 206 on) 220 (16%
Mean dub a t  19.81 m (mm) - 146 (12%) 158 (16%) 192 03%
Mean dub a t  24.77  m (mm) - - - 144 on
Note: 1. The mean d iam ete r a t  14.86 m f o r  the 1.83 m spacing i s  f o r  8 tre e s
and f o r  the 3.66 m spacing  f o r  9 tre e s .
2. The mean d iam e te r a t  19.81 m f o r  the  2.44 m spacing  i s  f o r  8 tre e s  
and f o r  the 3.05 m and 3 .66 m spacings f o r  9 tre e s .
3. The mean d iam ete r a t  24.77 m fo r  the 3.66 m spacing  i s  f o r  6 tre e s .
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TABLE 4 .9
Summary o f  mean h e ig h t  and d ia m e te r  data f o r  the  t re e s  
sampled from compartment 149
(Note: c o e f f ic ie n t  o f  v a r ia t io n  is  shown in  b ra cke ts )
T ree age when f e l l e d 23 years
Number o f  t r e e s  measured 10
T ree s e r ia l  numbers assigned 91 to 100
Mean t re e  h e ig h t  (m) 28.56 ( m
Mean green crown le v e l  (m) 14.17 ( 12?)
Mean dub a t  ground (mm) 282 ( 102)
Mean dub a t  4 .95 m (mm) 221 (m)
Mean dub a t  9.91 m (mm) 201 ( 1U )
Mean dub a t  14.86 m (mm) 161 (18*)
Note: The mean d iam eter a t 14.86 m is  f o r  9 tre e s .
TABLE 4.10
Summary o f  mean h e ig h t  and d ia m e te r data f o r  the  t re e s  
sampled from compartment 162a
(Note: c o e f f ic ie n t  o f  v a r ia t io n  is  shewn in  b ra cke ts )
Tree age when f e l l e d  
Number o f  t re e s  measured 
Tree s e r ia l  numbers ass igned 
Mean t r e e  h e ig h t  (m)
Mean green crown le v e l  (m) 
Mean dub a t  ground (mm)
Mean dub a t  4 .95 m (mm)
Mean dub a t  9.91 m (mm)
Mean dub a t  14.86 m (mm)
19 years 
10
51 to  60
25.39 ( 5 % )  
9 .97  (17%)
226 ( m )  
186 ( m )
155 (16%)
140 (15%)
Note: The mean d iam ete r a t  14.86 m is  f o r  6 tre e s .
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r e l a t i o n s h i p  was found between mean green crown le v e l  and spac ing .  F ig u re  
4.3  shows the e f f e c t  o f  spac ing  on t r e e  h e ig h t  and green crown l e v e l .
Cromer and Pawsey (1957) r e p o r t  a l i n e a r  r e l a t i o n s h i p  
between spac ing  and t r e e  d ia m e te r ;  and f o r  t r e e s  over 15 years  o f  age 
th e re  was a l i n e a r  r e l a t i o n s h i p  between spac ing and mean t r e e  h e i g h t .  
H am ilton and C h r is t ie  (1974) in t h e i r  rev ie w  o f  the i n f l u e n c e  o f  spac ing  
on crop c h a r a c t e r i s t i c s  and y i e l d  conc lude t h a t  " t h e  b u l k  o f  expe r im en ta l  
ev idence  i n d i c a t e s  an inc rease  in mean h e ig h t  w i t h  i n c re a s in g  s p a c in g " .
S jo lte -Jo rg e n se n  (1967) a ls o  rev iews spac ing e f f e c t s  on 
h e ig h t  and d iam e te r  and came to  the  same general  c o n c lu s io n s :  " f o r  most
expe r im en ts  rev iewed mean h e i g h t  o f  the stand is  increased w i t h  in c re a s in g  
s p a c in g "  and t h a t  g e n e r a l l y  " . . . t h e  mean d iamete r  o f  t r e e s  in the  stand 
i s  inc reased w i t h  i n c re a s in g  s p a c i n g " .
However, E v e rt (1971) in a rev iew o f  spac ing s t u d ie s  
conc ludes :  " . . . t h a t  in o v e r l y  dense p l a n t a t i o n s  on poor t o  medium s t i e s
h e i g h t  growth  is  l i k e l y  to inc rease  w i t h  inc reased spac ing ,  whereas spac ing 
appears to  have l i t t l e  e f f e c t  on h e ig h t  growth a t  lower d e n s i t i e s  on good 
s i t e s " .  E v e r t  a l s o  s t a t e s :  " I n  p r a c t i c a l l y  a l l  spac ing  expe r im en ts ,  mean 
d iam ete r  o f  the  stand has been found to  i n c re a s e ,  w i t h i n  l i m i t s ,  as the 
growing space in c re as e s .  Th is  has been the case f o r  a l l  spec ies  on a l l  
s i t e s . "
Tree h e ig h t  and d ia m ete r  inc reased  as s i t e  q u a l i t y  
increased in c p t s .  104, 105. T h is  r e s u l t  is  expected because s i t e  q u a l i t y  
is  r e l a t e d  to t r e e  g rowth .
Compartment 79 co n ta in ed  the  l a r g e s t  t r e e s  o f  a l l  and 
t h i s  was r e f l e c t e d  in the h e ig h t  and d iam ete r  f i g u r e s .  The c o e f f i c i e n t  
o f  v a r i a t i o n  o f  the d iameters  o f  the  t r e e s  sampled f rom t h i s  compartment 
(about  20%) was f a r  g r e a t e r  than f o r  the  o th e r  s tands sampled ( u s u a l l y  12%)
5 3 .
200 -
1-83 2-44 305 366
SQ. SPACING (m)
FIGURE 4 .2 .  E f f e c t  o f  spac ing on mean t r e e  d iamete r  under bark
a t  5 m f rom ground le v e l  f o r  c p t .  139. (N = 10 t re e s  per  
s p a c in g ) .  * *  S i g n i f i c a n t  l i n e a r  t re n d  a t  \ %  l e v e l .
GREEN CROWN 
LEVEL
i  *__________________ I__________________ I
1-83 244 3*05 3-66
SQ. SPACING (m)
4 .3 .  E f f e c t  o f  spac ing  on mean h e i g h t  and mean green crown leve l  f o r
compartment  139. (N = 10 t r e e s  per  s p a c in g ) .  **- S i g n i f i c a n t  l i n e a r  
t re nd  a t  1 % 1 eve 1.
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i n d i c a t i n g  t h a t  the range o f  t r e e  s i z e s  was g r e a t e s t  f o r  c p t .  79. Th is  
r e s u l t  tends to  v e r i f y  t h a t  c p t .  79 co n ta in ed  a range o f  s i t e  q u a l i t i e s  
as i n d i c a t e d  in Table  4 .1 .
The a c tu a l  i n d i v i d u a l  t r e e  s i z e  and log d iam ete r  data 
is  g iven  in Appendix G. U n f o r t u n a t e l y  d iamete r  a t  b re a s t  h e ig h t  va lues  
cou ld  not  be found in the  o r i g i n a l  reco rds  o f  the  t r e e  s i z e s  and is  
t h e r e f o r e  unrecorded in the  r e s u l t s .
4 .2  Bsuindi 4-cze.
In s e c t i o n  3.15  branch s t a t i s t i c s  were d e f in e d  and the  
reasons g iven  as to  why branch s i z e  was cons idered on an i n d i v i d u a l  log 
b a s i s .  Some sampl ing  s t r a t i f i c a t i o n s  had branch measurements taken f o r  
a l 1 t r e e s  bu t  o th e rs  had f i v e  o r  le ss  t r e e s  measured. These l a t t e r  
groups were excluded f rom t h i s  d i s c u s s io n  because o f  sample s i z e  except  
f o r  some logs wh ich  were combined in t h e  a n a ly s t s  in  s e c t i o n  4 . 2 . 3 .
The groups w i t h  ten t r e e s  measured per s t r a t i f i c a t i o n  were the  t r e e s  f rom 
c p t s .  79 and 139.
The N.S.W. Department  o f  A g r i c u l t u r e  computer package 
G e n e ra lis e d  L e a s t Squares A n a ly s is  Program  (GLSAP) was used f o r  a l l  
ana lyses in t h i s  s e c t i o n  and the data f i l e  T585R d esc r ibed  in s e c t i o n  3.16 
was the  in p u t  f i l e  used f o r  the  package.
4 .2 .1  Compartment 79 .
Means o f  branch s ize s  f o r  each log p o s i t i o n  c la s s  f o r  
c p t .  79 are l i s t e d  in  Table  4 .11 .  The mean number o f  branches per log f o r  
each log p o s i t i o n  c l a s s  is  p l o t t e d  in F ig u re  4 .4  and the  branch s i z e  
data f o r  each log p o s i t i o n  c la ss  in F ig u re  4 .5 .
The s i g n i f i c a n t  l i n e a r  t rends  between branch s iz e  
and log p o s i t i o n  c la s s  are shown in Tab le  4 .11 .  NS i n d i c a t e s  no s i g n i f i c a n t  
l i n e a r  t re n d .  Q u a d ra t i c  and c ub ic  models were a l s o  t r i e d  but  n e i t h e r  gave
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57.
a b e t t e r  f i t  than the  l i n e a r  model.
The number of  b ranches  per  log in c re a s e d  as log p o s i t i o n  
in c re a s e d  (NB. the b u t t  logs were pruned fo r  about  h a l f  t h e i r  l e n g t h ) .  This  
has a l s o  been observed by Fisher (1978) in s t u d i e s  on hoop pine (Araucaria 
cunninghamii) in Queensland f o r  age groups 25 y e a r s  and o ld e r  and by 
Braastad (1970) working on European spruce  (Picea abies)  in Norway.
The branch s i z e  param ete rs  based on the  l a r g e s t  branches  
per  log ( i . e .  BSMAX, BS5, BS10 and BS15) a l l  showed h ig h ly  s i g n i f i c a n t  l i n e a r  
r e l a t i o n s h i p s  w i th  log p o s i t i o n  c l a s s  (F igure  4 . 5 ) .  Average BSMAX in c re as ed  
from 36 mm in the b u t t  log to  67 mm in the f i f t h  l o g ?an 88% i n c r e a s e .  Much 
the  same t r e n d  e x i s t e d  fo r  the o t h e r  p a r a m e te r s ,  fo r  example BS5 inc re ased  
77% f o r  th e  same log p o s i t i o n  c l a s s e s .
There was no s i g n i f i c a n t  l i n e a r  t r e n d  between BS and log 
p o s i t i o n  c l a s s ,  the  va lues  being 22 mm and 25 mm f o r  th e  b u t t  and f i f t h  logs 
r e s p e c t i v e l y ,  a 14% average  in c r e a s e .
Some f u r t h e r  d i s c u s s i o n  of  t h e s e  r e s u l t s  in inc luded  in
s e c t i o n  4 . 2 . 2 .
TABLE 4.11
Mean v a lues  o f  the  branch  s i z e s  fo r  the  v a r io u s  log p o s i t i o n  c l a s s e s
of compartment 79
(All  measurements a r e  in mm. 10 logs were measured per  s t r a t u m .  Log 1
was low pruned to  2.4 m)
Log poAiXbon cZca>&
7 2 3 4 5 SAgn
BN 1 4 . 6 3 3 . 7 3 1 . 7 4 2 . 2 5 2 . 1 **
BSMAX 3 5 . 5 4 3 . 4 5 5 . 5 5 8 , 3 6 6 . 8 **
Bl5 3 0 . 5 3 8 . 0 4 6 . 0 4 8 . 2 5 4 . 1
bTTo 2 6 . 4 3 3 . 6 4 0 . 1 4 2 . 4 4 7 . 4 **
BST5 2 3 . 6 3 0 . 9 3 5 . 8 3 8 . 7 4 2 . 4 **
bT 2 2 . 3 2 2 . 1 2 5 . 3 2 4 . 0 2 4 . 9 NS
Note: 1. **S ig n ifica n t lin ear trend a t  1% le v e l.
2. A lin e  under two or more values in d ica tes  there i s  no s ig n if ic a n t  
d ifferen ce between them.
58 .
4 . 2 . 2 .  Compartment 139 -  sp a c in g  t r i a l .
Means of  t he  log branch parameter s  f o r  each log p o s i t i o n  
c l a s s  (LPC) f o r  the  four  spac i ngs  a r e  l i s t e d  in Table 4 . 12 .  These da t a
a r e  p l o t t e d  in F igures  4.4 and 4.5 ( s t r a t i f i e d  by p o s i t i o n  c l a s s  fo r  each
espacement  and in F igures  4 .6  and 4 . 7  ( s t r a t i f i e d  by espacement  fo r  each 
p o s i t i o n  c l a s s ) .
Analys i s  o f  v a r i a n c e  was performed on the  da t a  f i r s t l y  
between spac i ngs  w i t h i n  each LPC (LPC 1 & LPC 2 only)  and secondly  between 
LPC's for  each  spac i ng .  Gene r a l l y  i f  a s i g n i f i c a n t  l i n e a r  t r e n d  e x i s t e d  
between a p a r t i c u l a r  branch s t a t i s t i c  and spac ing  t h e r e  was a s i g n i f i c a n t  
d i f f e r e n c e  between branch s t a t i s t i c s  f o r  a spac ing  d i f f e r e n c e  o f  1.22 m 
( i e .  each second s p a c i n g ) .  If  a s i g n i f i c a n t  l i n e a r  t r e n d  e x i s t e d  between 
the  branch s t a t i s t i c  and LPC then g e n e r a l l y  t h e r e  was a s i g n i f i c a n t  d i f f e r e n c e  
between branch s t a t i s t i c s  fo r  a LPC i n c re a s e  o f  2 c l a s s e s .  Gene ra l l y  t h i s  
was a l s o  t h e  ca se  f o r  the c p t .  79 da t a  (Table 4 . 1 1 ) .
The e f f e c t  o f  spac i ng  on the  number o f  branches  per  log 
for  t he  v a r io u s  LPC's i s  shown in F igure  4 . 6 .  The b u t t  log showed no 
s i g n i f i c a n t  l i n e a r  t r e n d ;  a l s o  t h e r e  was no s i g n i f i c a n t  d i f f e r e n c e  between 
any o f  t he  means.  The second log showed a dec r e a se  in the  number of  
branches  as  spac ing  i n c re a s ed .  No t r e n d s  were found f o r  t h e  t h i r d  o r  
f o u r t h  l ogs .  There did appea r  to be,  however,  a genera l  de c r e a s e  in the  
mean number o f  branches  per  log as spac ing  i nc r e a s ed  f o r  a l l  log p o s i t i o n  
c l a s s e s  exce p t  the b u t t  log.  These r e s u l t s  c o n t r a s t  wi th  t hose  o f  
Jacobs (1938) who found t h a t  f o r  r a d i a t a  p ine  in the A.C.T.  p l a n t e d  a t  
1.83 m x 1.83 m, 2 .75 m x 2.75 m and 3.66 m x 3.66 m " t he  number o f  
branches  a t  p r o g r e s s i v e  h e i g h t s  i s  s l i g h t l y  g r e a t e r  in the wide r  spac ings  
whi l e  the t o t a l  s e c t i o n a l  a r e a  of  t he  branches  is  very much g r e a t e r " .
Godman and Cooley (19 70) working w i t h  Jack  p ine  CP. b a n ksia n a )  in the 
Uni ted S t a t e s  found t h a t  " t r e e s  had the  same number o f  branches  r e g a r d l e s s  
of  i n i t i a l  s pa c i n g " .
5 9 .
TABLE A .12
Mean va lues  o f  the  branch s i z e s  f o r  the v a r io u s  log  p o s i t i o n  
c la sses  f o r  the f o u r  spac ings o f  c p t . 139. ( A l l  measurements are 
in  mm. 10 logs were measured per  s t ra tu m  unless o th e rw is e  i n d i c a t e d ) .
(a) Log p o s i t i o n  c la sses  1 and 2
Log poAAXlon cJLou>& 1 Log po^ivtion cMu a  2
E^pacmdyvt m x m E^pacdrmnt m x m
1 .83 2.44 3.05 3.66 1 .83 2.44 3.05 3.66
BN 23.2 24.5 2 3 . 0 20.5 48.1 3 8 . 1 34.4 33.2
BSMAX 23.2 2 8 . 6 36.4 39.6 26.3 37.9 34.0 42.2
bsT 20.5 2 3 . 6 29.6 33.2 23.0 29.6 31 .0 35.7
BS10 18.5 20.8 25 .7 23.1 20.5 25.3 27.9 31 .2
BS15 16.8 18.8 23.2 26.8 19.9 22.8 25.3 28.2
BS 14.8 15.5 19.5 23.0 13.9 16.5 18.3 20.8
Note: a l in e  under the va lues means the re  is  no s ig n i f ic a n t  d iffe re n c e
between them.
(b) Log p o s i t i o n  c lasses  3 and A
Log p o ta tio n  cJjUA 3 Log p o s it io n  cZcu>6 4
E^pacmunt m x m E^paorndwt m x m
1 .83 2.44 3.05 3.66 1 .83 2.44 3.05 3.66
No. o f  
logs 8 10 10 9 2 8 9 9
BN 54.4 42.7 45 .7 41 .9 56.0 59.9 63.3 45.7
BSMAX 31.3 36.1 36.4 41 .8 34.5 36 .6 40.8 43.0
BS5" 25.3 29.1 31 .9 35.4 31 .5 28 .7 34.2 37.0
BS 10 22.5 25.5 28.8 31 .6 28.5 25.3 30.5 34.0
BS 1 5 20.8 23.2 26 .4 29.0 26.7 23.2 28.3 31 .6
bT 13.7 15.6 17.5 19.6 16.2 14.9 17.2 20.0
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Brazier (1976) in his review of the effect of forest 
practices on the harvested crop reports work by Cylinder (1959) who found 
that for 45 year old spruce there was no evidence that number of branches 
was influenced by spacing.
Effect of spacing on branch size for the various LPC's is 
shown in Figure 4.7. Most branch size indicators showed positive linear 
trends with increasing spacing with much the same slope of the regressions 
for all log positions including mean branch size per log though this was 
not tested statistically. BSMAX for the fourth LPC showed no significant 
linear relationship with spacing. However the trend still appeared to be 
there. For the second logs mean branch size increased from 13.9 mm to
20.8 mm (50%) and BS5 from 23.0 mm to 35.7 mm (55%) when the spacing 
increased from 1.83 m to 3.66 m. In other words as spacing increases the 
largest branches on a log increase in diameter by about the same 
percentage as the average branch diameter increases.
Cromer (1961) reports a limited study on the effects 
of spacing on branch size for 15 year old radiata pine in Uriarra Forest, 
A.C.T. He also found the average size of the branches on the stem from 
2.44 m to 4.57 m above ground increased linearly with spacing. Extra­
polating Cromer's results slightly gave mean branch sizes of 18.4 mm and
26.8 mm for the 1.83 m and 3.66 m spacings respectively, a 46% increase.
The results for the butt log (0 to 4.95 m) from this work were 14.8mm for 
the 1.83 m spacing and 23.0 mm for the 3.66 m spacing, a 55% increase - a 
similar result to that of Cromer. Sjolte-Jorgensen (1967) presents a 
major review of the influence of spacing on coniferous plantations and 
discusses thework of Cylinder (1959). Extrapolating Nylinder's results 
for Scots pine CP. sylvestris) in Sweden, mean branch diameters at 3 m 
above ground were 18.1 mm for 1.83 m spacing and 25.8 mm for 3-66 m spacing
6 3 .
(42% inc rease )  and a t  5 m above ground 17.4 mm and 25.1 mm f o r  the 
1.83 m and 3.66  m spacings r e s p e c t i v e l y  (44% in c r e a s e ) .
F o r re s t  (1 9 7 1 ), in h i s  rev iew  o f  t r e e  and stand growth 
in r a d ia t a  p in e  p l a n t a t i o n s  in N.S.W.,  found the average d ia m ete r  o f  the 
4 l a r g e s t  branches w i t h i n  p a r t i c u l a r  1.5 m long s e c t i o n s  a long the  t r u n k  
showed genera l  in c reases  w i t h  i n c re a s in g  spac ing but  he concluded t h a t  
these d i f f e r e n c e s  r e f l e c t e d  m a in ly  d i f f e r e n c e s  in average t r e e  s i z e ;  an 
o b s e rv a t io n  made by Cromer and Pawsey (1957 ).
Bunn (1970) p resen ts  a t a b le  c o n t a i n i n g  mean d iameters  o f  
the  s i x t e e n  l a r g e s t  branches f o r  the  t r u n k  s e c t i o n  6.1 m to  12.2 m above 
ground f o r  v a r i o u s  spac ings and s i t e s  in New Zealand.  There was an o v e r a l l  
i nc rease  in branch s i z e  as spac ing inc reased f o r  a l l  s i t e s  w i t h  branch 
s i z e  a l s o  be ing a f u n c t i o n  o f  s i t e .  Godman and Cooley (1970) found 
average branch d ia m ete r  was no t  s i g n i f i c a n t l y  a f f e c t e d  by spac ing inc rease  
f rom 1.52 m x 1.52 m to  2.74 m x 2 .74 m but  t h a t  the  s i z e  o f  the  l a r g e s t  
dead branch inc reased 13 mm and the  l a r g e s t  l i v e  branch increased 19 mm 
on the l a r g e s t  150 t r e e s  per  acre .  They a ls o  found the  la rge  t re es  in each 
spac ing had l a r g e r  mean and maximum branches than the  s m a l le r  t r e e s .
B ra a s ta d  (1970) w o rk ing  on European spruce (P ioea  a b ie s )  
a l s o  found an inc rease  in branch s i z e  w i t h  w id e r  spac ings .
F is h e r  (1978) found t h a t  f o r  hoop p ine "w id e r  spacings 
produced l a r g e r  l imbs below 7 m by age 18 years and s t i l l  l a r g e r  l imbs 
up to  a t  l e a s t  11.9 m above ground by age 25 y e a rs .  D i f f e r e n c e s  inc reased 
to  age 28 years  and subsequen t ly  remained r e l a t i v e l y  c o n s t a n t " .
W rig h t (1970) r e p o r t s  r e s u l t s  in V i c t o r i a  where in one 
s tudy  average branch s i z e  inc reased f rom between 13 mm to  25 mm f o r  1.83 m 
x I .83 m spac ing t o  between 38 mm and 5Q mm f o r  3 -6 6  ro x 3 .6 6  m spacing 
depending on s i t e  q u a l i t y .
The e f f e c t  o f  log p o s i t i o n  c lass  on the  number o f  branches
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per log f o r  the  v a r io u s  spac ings  o f  c p t . 139 and f o r  c p t .  79 are  shown 
in F ig u re  4 .4 .  Number o f  branches per log inc reased l i n e a r l y  w i t h  log 
p o s i t i o n  c la s s  f o r  the 4 spac ings and f o r  c p t .  79. There were g e n e r a l l y  
s i g n i f i c a n t  d i f f e r e n c e s  between the branch numbers f o r  each log p o s i t i o n  
c la s s  excep t  f o r  the t h i r d  and f o u r t h  logs o f  the 3.66 m x 3.66 m spac ing  
and the second and t h i r d  logs o f  c p t .  79.  F is h e r  (1978) and B ra a s ta d  
(1970) a l s o  found the number o f  branches inc reased w i t h  i n c r e a s i n g  h e i g h t  
up the t r e e .  (See Sec t ion  4 . 2 . 1 )
The e f f e c t  o f  log p o s i t i o n  c lass  on branch s i z e  f o r  the  
v a r io u s  spac ings  o f  c p t .  139 and c p t .  79 i s  shown in F igu re  4 .5 .
Average branch s i z e  per log showed a smal l  n e g a t i v e  l i n e a r  
t re n d  w i t h  i n c r e a s in g  LPC f o r  the  1.83 m and 3.66 m s pac ings .  No t r e n d  
e x i s t e d  f o r  the  o th e r  two spac ings  o r  f o r  the r e s u l t s  f rom c p t .  79.  There 
was no s i g n i f i c a n t  d i f f e r e n c e  between any o f  the  BS va lu es  f o r  any spac ing  
excep t  f o r  the  f i r s t  and f o u r t h  logs o f  the 3.66 m spac ing .
BSMAX, BS5, BS10 and BS15 showed s i m i l a r  t rends  f o r  each 
s p ac ing .  However, as spac ing  inc reased ,  the  s i z e  o f  the l a r g e s t  branches 
became independent  o f  log p o s i t i o n .  For example BSMAX d id  not  va ry  
s i g n i f i c a n t l y  w i t h  LPC excep t  f o r  the  1.83 m spac ing where th e re  was a 
s i g n i f i c a n t  d i f f e r e n c e  between BSMAX, BS5, BS10 and BS15 va lues  f o r  the  
f i r s t  and t h i r d  logs .  For the o th e r  spac ings  th e re  were s i g n i f i c a n t  
d i f f e r e n c e s  between the  branch s izes  f o r  the f i r s t  and f o u r t h  logs i f  a 
s i g n i f i c a n t  l i n e a r  t re n d  o c c u r re d .
As d iscussed  in s e c t i o n  4 .2 .1  the BSMAX, BS5, BS10 and BS15 
va lues  f o r  c p t .  79 a l l  showed l i n e a r  in c reases  w i t h  i n c re a s in g  log p o s i t i o n  
c l a s s .  G e n e ra l l y  the  va lues  were s i g n i f i c a n t l y  d i f f e r e n t  f o r  each second 
log p o s i t i o n  c la s s  (Table 4 . 1 1 ) .  An i n t e r e s t i n g  compar ison can be made 
between the branch s i z e s  f o r  c p t .  79 wh ich  was p la n te d  a t  3.66 m x 3.66 m, 
low pruned and r e g u l a r l y  th inn e d  and f o r  the  3*66 m x 3*66 m spac ing  o f  
c p t .  139 (F igu re  4 . 5 ) .  Branch s i z e  va lu es  were a lm ost  i d e n t i c a l  f o r  both
Stands  fo r  the  second logs as c l e a r l y  shown in Table 4 .1 3 .  The b u t t  
log branch s i z e s  were,  however,  lower f o r  c p t .  79 but  low pruning could 
have a f f e c t e d  t h i s  r e s u l t .  For the  h ig h e r  log p o s i t i o n s  the  l a r g e s t  
branch s i z e s  were f a r  l a r g e r  f o r  the  th inned  s t a n d ,  when compared to  the 
un th inned  one,  no doubt a d i r e c t  r e s u l t  o f  t h i n n i n g ;  a r e s u l t  a l s o  
observed  by W right (1970) who s t a t e s  'T h in n in g  i n f l u e n c e s  branch s i z e  
p r i m a r i l y  in th e  upper b o l e " .  Th is  r e s u l t  i s  expec ted  because the upper 
branches  a re  th e  most a c t i v e  and t h e r e f o r e  most l i k e l y  to  respond to  
t h i n n i n g .
TABLE 4.13
Comparison between branch  s i z e  and number f o r  the
second logs o f  compartment 79 and the  3.66 m x 3.66 m
spac ing  o f  compartment 139
Cpt. 79 Cpt. 139 Vtlh&UZYlC.Z
LPC 2 LPC 2 %
BN 33.7 33.2 3
BSMAX 43.4 42.2 3
bsF 38.0 35.7 6
BS10 33.6 31 .2 8
BS15 30.9 28.2 10
OS 22.1 20.8 6
4 . 2 . 3  R e la tio n sh ip s  between branching c h a r a c te r is t ic s  and log 
s i z e .
Data f o r  those  logs whose recovered  va lue  was known were 
ana ly sed  us ing GLSAP to  t e s t  the  e f f e c t s  of  branch s i z e  on t h i s  va lue .  
Thi s a n a l y s i s  is  r e p o r te d  in s e c t i o n  4 .7 .  These da ta  were a l s o  ana lysed  
to  de te rm ine  l i n e a r  r e l a t i o n s h i p s  between log small end diamete r
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under bark  (sedub) and branch s i z e  f o r  the  v a r io u s  log p o s i t i o n  c la s s e s .
4 . 2 . 3 . 1 . Compartments 139 and 149 (immature, unth inned).
Table  4 .14  g ives  the  s t a t i s t i c a l  data f o r  these two 
compartments.  S i g n i f i c a n t  l i n e a r  r e l a t i o n s h i p s  were found to  e x i s t  between 
most branch s iz e  i n d i c a t o r s  and log sedub f o r  the  f i r s t  t h r e e  log 
p o s i t i o n  c la s s e s .  No r e l a t i o n s h i p s  were found f o r  the  f o u r t h  log p o s i t i o n  
( p o s s ib l y  because o f  l a c k  o f  data)  o r  between sedub and the  number o f  
branches per log f o r  any o f  the  f o u r  log p o s i t i o n  c la s s e s .
4 . 2 . 3 . 2 .  Compartments 79, 104 and 105 (mature, th inned ).
Table  4 .15  g ive s  the  s t a t i s t i c a l  data f o r  these t h r e e  
compartments.  Again s i g n i f i c a n t  l i n e a r  r e l a t i o n s h i p s  were found to  e x i s t  
between branch s i z e  and sedub f o r  most parameters f o r  most log p o s i t i o n  
c lasses  a l tho u gh  the  le v e l  o f  s i g n i f i c a n c e ,  g e n e r a l l y ,  was less  than f o r  
compartments 139 and 149.
Cromer and Pawsey's (19571 r e s u l t s  and the  rev iews o f  
Hamilton and C h ris tie  (1974), E ve rt (1971) and S jo lte-Jrfrgensen (1967)
on the  e f f e c t  o f  spac ing  on t r e e  d iam e te r  have a l r e a d y  been d iscussed  
in s e c t i o n  4 .2 .2 .  Most  o f  the  work i n d i c a t e d  t h a t  a l i n e a r  r e l a t i o n s h i p  
e x i s t s  between spac ing and t r e e  d ia m e te r .
Summarising the  above r e s u l t s  a l i n e a r  r e l a t i o n s h i p  
occurs  f o r  most branch s i z e  i n d i c a t o r s  f o r  most log p o s i t i o n s .  Mean branch 
s i z e ,  however,  was no t  l i n e a r l y  r e l a t e d  to  log sedub f o r  the  second,  t h i r d  
o r  f o u r t h  logs f rom compartments 79, 104 and 105. Cromer and Pawsey 
(1957) noted t h e re  was no s i g n i f i c a n t  r e l a t i o n s h i p  between mean branch 
d iamete r  ( a l l  branches between 2 .44 m and 4.57 m f rom the  ground) and 
i n i t i a l  spac ing f o r  some p l o t s  in t h e i r  s tudy .
F ig u re  4 .8  i s  a graph o f  the  r e l a t i o n s h i p s  between BS5 
and sedub f o r  compartments 79, 104 and 105 f o r  the  v a r io u s  log p o s i t i o n  
c la s s e s .  For the f i r s t  f o u r  log p o s i t i o n s  s lope does no t  change much.
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The in c r e a s in g  e x t r a p o l a t e d  i n t e r c e p t  w i th  i n c r e a s in g  log p o s i t i o n  
r e f l e c t s  the  i n c r e a s e  in branch  s i z e  as log p o s i t i o n  i n c r e a s e s .  The 
r e l a t i o n s h i p  fo r  LPC2 is  not  s i g n i f i c a n t  but is  inc luded  to  complete the 
graph .
TABLE 4.14
Regress ion  c o e f f i c i e n t s  fo r  t h e  r e l a t i o n s h i p s  between
branch s i z e ; and sedub fo r  the logs from compartments 139 and 149
LPC lndzpe.nde.nl;
V a ria b le
D ependent
UaAloLble
Slope. C onstant
teJun
R Wo. o f  
log-6
Sign
l e v e l
1 sedub BS" 0.0594 2.730 0.53 20 2%
11 BSMAX 0.1362 - 2.800 0.62 20 is
11 BS5 0.1002 1.443 0.59 20 is
11 BS 1 0 0.0888 1.504 0 .57 20 is
2 sedub BS- 0.0644 3.669 0.54 22 IS
11 BSMAX 0.1357 6.468 0.44 22 4S
11 BS5" 0.1145 5.688 0.55 22 IS
11 BS 10 0.1048 4.290 0.62 22 IS
11 BS 1 5 0.0970 3.586 0.66 21 IS
3 sedub bT 0.0488 7.180 0.63 21 IS
11 BSMAX 0.1247 10.955 0.62 21 IS
11 BS5" 0.1073 9-575 0.67 21 IS
11 BS 10 0.0933 9.112 0.67 21 IS
11 BS 15 0.0813 9.193 0.65 21 IS
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TABLE 4.15
Regress ion  c o e f f i c i e n t s  fo r  the  r e l a t i o n s h i p s  between branch 
s i z e  and sedub f o r  logs from compartments 79, 104 and 105.
LPC I n de .pen desU  
{/cuvlable.
VQ.pZ.nd<LYVt
V a A la b lz .
S lo p e . C on A layvt
tzA m
R Mo.  0 6 
log-6
S ig n
l z . v o l
1 sedub BS" 0.0298 9.354 0.52 21 2%
11 BSMAX 0.0526 15.299 0.59 21 I S
11 QS5 0.0376 15.671 0.53 21 2%
11 BS 10 0.0393 11.674 0.60 21 n
11 BS 1 5 0.0406 8.867 0.61 16 2%
2 sedub BS 10 0.0596 13.521 0.57 18 2%
11 BS 15 0.0498 13.878 0 .57 18 2%
3 sedub bs3T 0.0775 20.339 0.54 14 5%
11 BS 10 0.0724 16.572 0.63 14 2%
11 BS 1 5 0.0621 15.609 0.63 14 2%
4 sedub BSMAX 0.1173 27.460 0.53 15 5%
11 bsT 0.0878 25.946 0.52 15 5%
i i BS 10 0.0736 24.007 0.50 15 b %
11 BS 1 5 0.0669 22.035 0.49 15 (>%
5 sedub BS" 0.0832 7.443 0.81 9 ]%
11 BSMAX 0.2852 7.0365 0.83 9 n
11 bsT 0.2070 10.647 0.84 9 n
i i BS10 0.1668 12.516 0.83 9 n
11 BS 15 0.1367 13.874 0.83 9 n
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FI GURE 4 .8 .  Regression o f  the mean s i z e  o f  the l a r g e s t  5 branches per 
log on S . E . D . U . B .  f o r  v a r io u s  log p o s i t i o n  c lasses  (LPC). 
Logs were f rom c p t s .  79, 104 and 105.
70.
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Number of logs recovered, mean log size, mean log volume, 
mean recovered volume per log and mean percentage volume recovery for each 
log position class for the various compartments are presented in Tables 
4.16 to 4.20. These tables show the small quantities of timber actually 
recovered from some of the log position classes. For example in Table 4.17, 
1.46S cub. m. were recovered from log position class 2 ( SQ. 2) but only 
0.639 cub. m. were recovered from log position 3. This is due largely to 
the difference in the number of logs recovered in each class.
The smaller diameter logs, of course, produced lower 
volumes of timber than did the larger logs, partly because the larger logs 
contained more wood but also because there was a general trend towards 
higher percentage recoveries as the log diameter increased; with the 
exception that recoveries were usually lower for the butt log than for the 
second log. This is probably because of the higher taper normally present 
in the butt log and because log volumes were calculated using the Smalian 
formula. Using this formula when two logs have the same volume but 
different taper the log having most taper will give a lower recovery for 
any one sawing pattern.
Overall recoveries appeared to be high, considering they 
were based on dry, machined sizes, so a check was made using a N.S.W. 
Forestry Commission simulation program (J. Gwaltev3 1972). This program 
simulated the cutting patterns used in this study (patterns used in the 
simulation were not identical to the actual patterns but were considered 
close enough). Sawn recoveries (green rough sawn size) were estimated 
by the program for various log diameters. A taper of lin 100 was assumed 
for all logs. Saw kerfs used in the simulation were those produced when 
the logs were sawn namely 0.125 inches (3.18 m) for the breaking down saw 
(bandsaw) and 0.1875 inches (4.76 mm) for the resaw (circular breast bench).
TABLE 4.16
7l .
Mean log sizes and timber volume recoveries for the
various log posi-tion classes of compartment 79.
•2
(All volumes are in nr)
L P C Wo. o £  
lo g - 6
Mean
A e d u b
(mm)
Mean 
l o g  
v o l .
R e c o v e r e d  v o l u m e  
S c a n t l i n g  b o a n .d  t o t a l
Mean
n . e c o v e n . e d  
v o l .  p Q A  
l o g
Mean % 
v o l .
n . e c o v e n y
1 10 396 0 . 8 2 7 3 . 3 7 8 0 . 3 0 6 3 . 6 8 4 0 . 3 6 8 44
2 10 356 0 . 5 6 4 2 . 7 4 4 0 . 3 3 7 3 . 0 8 1 0 . 3 0 8 55
3 10 313 0 . 4 4 9 2 . 0 9 2 0 . 2 6 7 2 . 3 5 9 0 . 2 3 6 53
4 10 2 6 7 0 . 3 9 3 1 . 5 0 6 0 . 2 2 0 1 . 7 2 6 0 . 1 7 3 51
5 10 209 0 . 2 2 2 0 . 6 8 2 0 . 2 3 4 0 . 9 1 6 0 . 0 9 2 41
6 3 184 0 . 2 1 7 0 . 2 0 0 0 . 0 5 0 0 . 2 5 0 0 . 0 8 3 38
TABLE 4.17
Mean log sizes and timber volume recoveries for the various
log position classes for the three s i te  qualit ies (SQ) of
•2
compartments 104, 105. (All volumes are in nr)
s<l LP C Wo.
of
lo g t>
M e a n
A c d u b
(mm)
Mean
l o g
v o l .
R e c o v e r e d  v o l u m e  
S c a n t l i n g  b o a J i d  t o t a l
Mean
n e c o v e n e d  
V o l .  p e n .  
l o g
Mean % 
v o l .
A e c o v e n y
1 1 10 340 0 . 5 8 8 2 . 4 6 2 0 . 3 5 3 2 . 8 1 5 0 . 2 8 1 48
2 10 29 8 0 . 4 3 2 1 . 9 2 0 0 . 3 0 2 2 . 2 2 2 0 . 2 2 2 51
3 3 305 0 . 4 1 0 0 . 5 0 6 0 . 1 0 2 0 . 6 0 8 0 . 2 0 3 50
4 4 22 2 0 . 2 4 7 0 . 2 9 1 0 . 0 7 2 0 . 3 6 3 0 . 0 9 1 37
5 1 152 0 . 1 2 3 0 . 0 3 4 0 . 0 0 6 0 . 0 4 0 0 . 0 4 0 33
2 1 6 330 0 . 5 1 0 1 . 2 0 9 0 . 1 2 6 1 . 3 3 5 0 . 2 2 3 44
2 8 295 0 . 3 6 3 1 .2 6 1 0 . 2 0 8 1 . 4 6 9 0 . 1 8 4 51
3 4 26 7 0 . 3 1 6 0 . 5 4 4 0 . 0 9 5 0 . 6 3 9 0 . 1 6 0 51
4 4 20 3 0 . 1 9 7 0 . 2 6 7 0 . 0 4 8 0 . 3 1 5 0 . 0 7 9 40
5 1 178 0 . 1 5 9 0 . 0 8 5 0 . 0 2 9 0 . 1 1 4 0 . 0 5 7 36 '
3 1 9 296 0 . 4 1 4 1 . 3 2 0 0 . 2 1 8 1 . 5 3 8 0 . 1 7 1 41
2 6 267 0 . 3 1 9 0 . 7 9 0 0 . 1 6 8 0 . 9 5 8 0 . 1 6 0 50
3 4 241 0 . 2 5 3 0 . 3 9 1 0 . 0 8 5 0 . 4 7 6 0 . 1 1 9 47
4 3 169 0 . 1 4 8 0 . 1 6 3 0 . 0 5 0 0 . 2 1 3 0 . 0 7 1 48
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TABLE 4.18
Mean log sizes and timber volume recoveries for the various log 
position classes of the four spacings in compartment 139. (All
volumes are in m^)
S p a c i n g
U q a a A e )
(ml
L P C
Mo.
oh
Logt*
M e a n
t>edub
(mm)
M e a n
l o g
v ol .
R e c o v e / i e d  v o l u m e  
S c a n t l i n g  b o a A d  t o t a l
M e a n
a  e c o v e a e d  
vol .  pen. 
l o g
M e a n  % 
v o l . 
n . e c o v v
1.8 1 6 199 0.179 0.298 0.077 0.375 0.0625 35
2 5 188 0.150 0.198 0.093 0.291 0.0581 39
3 4 159 0.120 0.094 0.049 0.143 0.0359 30
4 2 127 0.084 0.030 0.020 0.050 0.0253 30
2.4 1 4 248 0.326 0.445 0.096 0.541 0.135 42
2 5 213 0.211 0.369 0.111 0.480 0.096 46
3 4 165 0.129 0.217 0.026 0.243 0.061 hi
4 3 144 0.101 0.092 0.011 0.103 0.034 34
3.1 1 2 242 0.321 0.202 0.038 0.240 0.120 37
2 6 229 0.231 0.5-41 0.146 0.687 0.114 49
3 5 213 0.202 0.353 0.102 0 . 4 5 5 0.091 45
4 1 152 0.123 0.034 0.017 0.051 0.051 41
5 1 127 0.075 0.029 0.006 0.035 0.035 47
3.7 1 3 254 0.323 0.350 0.045 0.395 0.132 41
2 4 254 0.282 0.493 0.112 0.605 0 J 51 54
3 6 212 0.200 0.459 0.142 0.601 0.086 hi
4 2 165 0.123 0.080 0.019 0.099 0.049 ho
5 2 140 0.108 0.073 0.006 0.079 0.040 37
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TABLE 4.19
Mean log sizes and timber volume recoveries for the various 
log posit ion classes of compartment 149. (All volumes are
in m^)
LPC Mo. Mean Mean
o i Aedub log
lo g -6 (mm) v o l.
1 8 219 0.243
2 3 195 0.159
3 7 159 0.125
4 2 140 0.099
Recovered volume.
S can tling boaad to ta l
0.598 0.184 0.782
0.089 0.074 0.163
0.315 0.060 0.375
0.064 0.007 0.071
Mean Mean % v o l.
aecoveaed 
v o l. pea 
log
aecoveay
0.098 40
0.054 34
0.054 43
0.036 36
TABLE 4.20
Mean log sizes and timber volume recoveries for the various 
log posit ion classes of compartment 162a. (All volumes are
in m^ )
Mo.
o i
lo g 4
Mean
6edab
(mm]
Mean
log
v o l.
Recovered, volume 
S can tling  boaad t o t a l
Mean
aecoveaed 
v o l. pea 
log
Mean % v o l. 
aecoveay
5 188 0.180 0.270 0.088 0.358 0.072 40
5 147 0.102 0.179 0.049 0.228 0.046 45
5 132 0.084 0.067 0.065 0.132 0.027 32
2
3
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The s im ula ted  green p e rce n tag e  r e c o v e r i e s  a r e  i l l u s t r a t e d  
in F igure  4 .9  as a f u n c t io n  o f  log s i z e .  Also  shown a r e  the ac tu a l  green 
sawn p e rc e n ta g e  r e c o v e r i e s  fo r  a l l  the logs from c p t .  79. There appears  
to be a good match between the  a c t u a l  and p r e d i c t e d  va lues  fo r  sedub 
below 350 mm. A p o s s i b l e  e x p l a n a t i o n  fo r  the  drop In a c t u a l  sawn recovery  
f o r  th e  l a r g e r  d iam ete rs  is  t h a t  most o f  the  l a r g e r  logs were b u t t  logs 
and had l a r g e r  t a p e r  than logs o f  h ig h e r  p o s i t i o n  c l a s s e s  thus  producing 
more w a s te .
F igure  4.9 i n d i c a t e s  t h a t  the  a c t u a l  sawn r e c o v e r i e s  
a r e  p o s s i b l e  c o n s id e r i n g  the  sawing p a t t e r n s  and the  type o f  sawmill used 
f o r  the  co n v e r s io n .
A r e g r e s s io n  a n a l y s i s  o f  recovered  volume (dry ,  d ressed)
on log sedub was c a r r i e d  out  f o r  a l l  the  logs recovered  from c p t .  79.
The b e s t  f i t  was o b t a in e d  us ing a t h i r d  degree polynomial  ( c o e f f i c i e n t  of  
2
d e t e r m in a t io n  R = 0 .9 7 1 ,  N = 5 4 ) .  A power fu n c t io n  was a l s o  found to
2
p rov ide  a good f i t  (R = 0 .9 4 8 ,  N = 5 4 ) .  These r e g r e s s i o n  e q u a t io n s  a re  
given below as Equat ions  4.1 and 4 .2  r e s p e c t i v e l y .  Log le ng th  is  
c o n s t a n t  a t  4 .95  m.
■5 "3
Recovered Volume X10J (nr) 
where x i s  the  sedub,  N
•3 -3
Recovered Volume XlO^(rrr) 
where x is  the  sedub,  N
9 4 . 9 5 - 1 . 107x+6.077x10“3x2-3 .909 x10"6x3 
54, R2 = 0.971 
1 .6498 x 10’ 3 x2 *05A 
54, R2 = 0 .9 4 8 .
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FIGURE k . S .  Re lat ionship  between S.E.D.U.B. o f  log and sawn timber
recovery (based on green s ize )  as a percentage of  log volume 
fo r  logs from 10 trees from cpt .  79.  Also shown are predicted  
recoveries using the J.  Gwalter sawing simulat ion program.
7 6 -
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Number o f  logs recovered ,  percentage y i e l d s  in each 
board grade and the  q u a n t i t y  o f  board recovered as a percen tage  o f  t o t a l  
y i e l d  f o r  each log p o s i t i o n  c la s s  f o r  the  v a r io u s  compartments sampled 
a re  p resented in Tables 4.21 to  4 .2 5 .
There is a genera l  t re nd  e v id e n t ,  e s p e c i a l l y  f o r  the o l d e r  
s tan d s ,  towards an i n c re a s in g  percen tage  recovery  o f  board m a t e r i a l  as 
the log p o s i t i o n  c la s s  inc reases  w i t h i n  any one group.  A ls o  a l a rg e  
percen tage  o f  board m a t e r i a l  (about  20% to  30%) was g e n e r a l l y  recovered  
f rom logs w i t h  sedub below about  230 mm. Logs g r e a t e r  than 230 mm 
g e n e r a l l y  produced less than 15% o f  board m a te r ia l  by volume.
The percen tage  o f  r e j e c t  board produced f rom the  b u t t  
logs o f  the  36 and 38 year  t rees  ( c p t s .  79, 104 and 105. Tables 4.21 and 
4 .22)  was g e n e r a l l y  around 30% to  35% excep t  f o r  the SQ.3 area o f  
c p t s .  104, 105 where the re  was o n l y  13% r e j e c t .  W h ite s id e  (1964) has 
observed t h a t  board y i e l d s  were g e n e r a l l y  s u p e r i o r  f rom low s i t e  q u a l i t y  
s tan d s .  He s t a t e s  "The lower in c id en ce  o f  bark  encasement i s  p robab ly  
a t t r i b u t a b l e  a ls o  to  the ve ry  s low d iam ete r  growth in the  l a t t e r  h a l f  o f  
the  r o t a t i o n .  In any even t ,  in the  p e r io d  s ince  the  branches have d ied  
the  bark  encased zone has no t  developed s u b s t a n t i a l l y ,  and in  the case o f  
second and t h i r d  logs is  l a r g e l y  removed in the  s l a b s " .
The percen tage  o f  r e j e c t  boards g e n e r a l l y  decreased w i t h  
in c re a s in g  log p o s i t i o n  in the  t r e e  f o r  the o l d e r ,  t h in n e d  s tands (Tables 
4 .21 ,  4 . 2 2 ) .  Th is  was a ls o  observed by W h ite s id e  (1964) and may be due to 
the  la c k  o f  dead branches w i t h  in c re a s in g  h e i g h t ,  as found by Fenton and 
F a m ilto n  (1 9 6 1 ). In t h a t  s tudy  however the "d e c re as ing  inc idence  o f  bark 
encased knots f rom b u t t  to  top log was l a r g e l y  n u l l i f i e d  by the in c re a s in g  
in c idence  o f  cone s te m - h o le s " .  Where cone stem holes  d id  occur  in  the board
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TABLE A.21
Percen t age  y i e l d s  in the board grades  f o r  the  v a r i o u s  log 
p o s i t i o n  c l a s s e s  o f  compartment  75
LVC
1
2
3
4
5
6
N o .
ob Boan.d gsw.de. peA.ce.ntage. y ie ld
Boasid vol. aA % 
ob to ta l  y ie ld
log A CIZOA jolneAy Aele.oX Atandcuid Ae.je.at
10 13.9 3.5 42.5 3.6 36.5 8.3%
10 1.3 0 43.8 7. 2 47.7 10.9%
10 2.8 21. 7 37.6 7. 2 30.7 11.3%
10 0 12.4 60.1 4.6 22.9 12.8%
10 0 8 . 8 76.8 3.6 10.7 25.5%
3 0 0 100 0 0 20.1%
TABLE 4.22
Percen t age  y i e l d s  in t he  board grades  f o r  t he  v a r i o u s  log 
p o s i t i o n  c l a s s e s  f o r  the  t h r e e  s i t e  q u a l i t y  (SQ) a r ea s  of 
compartments  104 and 105
LPC NO.
ob
Boan.d gAade. peAc.e.yitagz y ie ld BoaAd vol. aA %
loga cle.a/i j  olneAy Aele,ct AtandaJid Aje.je.cl ob to ta l  y ie ld
1 10 10.6 14.3 29.8 8.5 36.7 12.5
2 10 4 . 9 9 . 7 45.8 16.8 22.8 13.6
3 3 0 0 66.7 22.9 10.5 16.8
4 4 0 8.3 70.3 10.3 11.0 19.8
5 1 0 0 0 100 0 16.0
1 6 6.3 9.3 29.5 25.5 29.5 9.5
2 8 1.7 5.1 59.2 20.8 13.1 14.2
3 4 0 9.1 79.6 0 11.3 14.8
4 4 6 . 2 43.5 33.6 0 16.6 15.1
5 1 0 0 100 0 0 25.3
1 9 3.2 10.9 63.1 9.6 13.3 14.2
2 6 0 7.5 50.3 31.6 10.7 17.5
3 4 0 11.7 76.5 0 11.7 17.9
4 3 0 0 45.5 14.8 39.7 23.4
in t h i s  s tudy  they were not  l a rge  enough in d iamete r  to downgrade the 
boards  to r e j e c t .  Standards A sso c ia tio n  o f  A u s tra lia  (1969) g r ading r u l e s  
f o r  boards  sawn from r a d i a t a  p ine  permi t  cone ho l e s  in a l l  grades  excep t  
c l e a r  but  t h e i r  d i amete r s  must no t  exceed 12 mm. The s t a n d a r d  a l so  
pe rmi t s  encased  knots  up t o  20 mm d iamete r  wi th  the  maximum s i z e  a l l owab l e  
depending on grade .
The 10 t r e e s  from c p t .  79 produced about  12% of  t o t a l  
p roduc t  as board ;  about  32% of  t h i s  was r e j e c t ,  about  50% s e l e c t .
There did not  appea r  to be s i m i l a r  t r en d s  in t he  board 
r e c o v e r i e s  f o r  the  younger  t r e e s  (Tables  4 . 23 ,  4 . 24 ,  4 . 2 5 ) ,  p o s s i b l y  
because  o f  the  smal l  amounts o f  board m a t e r i a l  a c t u a l l y  recovered in a l l  
t he  log p o s i t i o n  c l a s s e s .
4 . 5 .  Gsiade. the. -ican ttlng
4 . 5 . 1  Compartment 79.
Grade y i e l d s  us ing both mechanical  s t r e s s  grading (MSG) 
and v i s u a l  gr ad ing  (VG) f o r  each log p o s i t i o n  c l a s s  (LPC) a r e  given in 
Tables  4 .26 and 4 .27 and p l o t t e d  in F igure  4 . 10 .  Also shown ar e  grade 
y i e l d s  f o r  a l l  10 t r e e s .
The MSG r e s u l t s  i n d i c a t e  t h a t  as  LPC i n c r e a s e s  the 
p e r ce n t age  y i e l d  of  F7 + F8 + Fl l  g rades  ( c a l l e d  F7+) i nc r e a s es  ( exc luding  
LPC 6 wi th  on ly  3 l o g s ) ,  an unexpec ted r e s u l t .  Branch s i z e  i nc r e a se s  
w i t h  i n c r e a s i n g  LPC ( s ec t i on  4 . 2 . 2 )  which would be expec t ed  to decrease  
g r a de s .  Also as  LPC i n c r e a s e s  the pe r c e n t a ge  of  j u v e n i l e  wood per  log 
would be expec t ed  to i n c r e a s e  ( e . g .  Zobel3 e t . a l , 3 1965) thus  lower ing 
the  average  d e n s i t y  and t h e r e f o r e  lower ing the  machine g r a de s .  Fenton3 
S u tto n  and T u s tin  (1971) observed t h a t  a l a rge  pe r c e n t a g e  of  high grade 
s c a n t l i n g  was produced from t he  h i ghe r  logs d e s p i t e  the p resence  of  l a rge  
b r anche s .  In t he  lower logs much of  the  f raming appeared to  be sawn in
79.
TABLE 4.23
Percen t age  y i e l d s  in the board grades  f o r  t he  v a r i ous  
log p o s i t i o n  c l a s s e s  f o r  the  f ou r  spac i ngs  in c p t .  139
Spacing 
[Sq t ia / ie )
L P C M o.
OfS
logi
B o a ^ d  qhjada peAcantaga yia ld  
Claan. joinzAy -6alaat AtandaAd Aajact
BoaJid vol, 
06 % 01$ 
to ta l  yöald
1 .8 m 1 6 0 0 55 0 45.0 20.5
2 5 0 16.6 47.8 35.5 0 32.0
3 4 0 14.0 55.9 15.0 15.0 34.3
4 2 0 0 24. 4 0 75.6 40.0
2 . 4  m 1 4 0 23.1 76.9 0 0 17.8
2 5 0 12.1 64.8 23 0 23.1
3 4 0 0 29.1 0 70.9 10.5
4 3 0 0 100 0 0 10.4
3.1 m 1 2 0 0 100 0 0 15.8
2 6 0 15.5 60 15.3 9 . 2 21.3
3 5 0 15.6 42.4 12.1 30.0 22.4
4 1 0 0 45.9 54.1 0 34.0
5 1 0 0 0 100 0 23.7
3 . 7  m 1 3 0 0 80.8 19.2 0 11.4
2 4 0 0 53.1 11.3 35.7 18.5
3 6 0 7.0 60 26 7 23.6
4 2 0 0 63.2 0 36.8 19.1
5 2 0 0 0 0 100 8.1
80
TABLE 4.24
Percentage y ie lds  in the board grades for  the various log 
posi t ion classes of  compartment 149
LPC Wo.
o h
log6 Clzan.
Boand gnadz pznzzntagz yloJLd 
j  O A jizny Azlzct. Atandand n z jz c t
Boand vo l. 06 
1 oh to ta l  
y lz ld
1 8 0 10.7 82.3 3.5 3.5 23.5
2 3 0 0 35.1 0 64.9 45.3
3 7 0 0 69.1 0 30.9 16.1
4 2 0 0 100 0 0 10.3
TABLE 4 .25
Percentage y ie ld s  in the board grades fo r  the various log 
posi t ion  classes o f  compartment 162a
LPC Wo.
oh
tog4
Bo and gnadz peAce.nXa.ge. y lz ld  
Clzan jo lnzay A z lzz t Atanda/id n z jz c t
Boa/id vo l. 06 
% oh to ta l  
y lz ld
1 5 0 7.3 64.2 10.6 17.8 24.5
2 5 0 0 42.7 20.5 36.8 21 .4
3 5 0 0 0 9 .8 90.2 49.1
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TABLE 4.26
Percentage y i e l d s  in the  mechanical  grades f o r  the  v a r i o u s  log p o s i t i o n  
c la sse s  i n d i v i d u a l l y  and f o r  a l l  logs to g e th e r  f o r  compartment  79
Machine gnade, pe/icz/itage. gleJLd
06
log-6 F77 FS F7 F5 F4 R eject
1 10 17.6 16.6 17.2 34.1 13.1 1.5
2 10 7.5 34.4 12.7 35.7 9 .8 0
3 10 6.2 25.6 25.8 34.5 6 .4 1 .6
4 10 8.1 35.8 25.2 22.1 6 .6 2.2
5 10 0 23.8 52.7 12.0 6 .8 4 .8
6 3 0 3.1 33.5 33.5 21.5 8 .4
Al 1 53 10.1 26.4 21.2 31.4 9.5 1.4
TABLE 4.27
Percentage y i e l d s  in the  v i s u a l grades (scan t  1ing o n l y )  f o r the  v a r io u s
log p o s i t i o n c lasses i n d i v i d u a 1l y  and f o r  a 11 logs to g e th e r f o r  compartment
LPC Wo.
o6 \Jl6ual gnade. peacewtage. yleJtd
log4 F7 7 FS F7 F5 F5HI R e je c t
1 10 27.8 27.0 11.3 12.2 8.8 12.9
2 10 14.5 24.7 21.2 24.3 7.4 7.9
3 10 3.4 19.1 13.1 29.2 7.6 27.7
4 10 1.0 11.6 14.2 29.3 22.3 21.6
5 10 2.3 8 .2 14.6 20.3 41.2 13.5
6 3 0 8.4 8 .4 8.4 41.9 33.0
A l l 53 13.9 21.4 14.9 21.8 12.2 15.8
(a) MACHINE GRADING
L.P.C. 1
o  20-
N= 10
(tj VISUAL GRADING
L.P.C. 1
N= 10
ALL LOGS 
11
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FIGURE 4 .10 .  Mechanical  and v i s u a l  grade y i e l d s  f o r  the  va r ious  log 
p o s i t i o n  c lasses  and o v e r a l l  y i e l d s  f o r  the 10 t rees
from compartment 75.
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t he  chord between two branches  w i t h i n  the  same whorl and In the upper 
( f o u r t h  and f i f t h )  logs,  branch d iameter  was wel l  above the  maximum knot  
s i z e  recorded In t he  sawn t i mber ,  " t he  logs  being too smal l  in d i amete r  
t o  have c o n t a i ned  the  maximum branch s i z e " .
Visual  g r a d i n g ,  however,  produced d e c r ea s i ng  p e r ce n t a g e  
y i e l d s  in the F7+ grades  wi th  i n c r e a s i n g  LPC, t o g e t h e r  wi th  i n c r e a s i n g  
p e r ce n t age  y i e l d s  in the F5 h e a r t - i n  grade (F5HI) due to  t he  l a r g e r  
pe r ce n t age  of  j u v e n i l e  wood in t he  s ma l l e r  logs .  There was no r e g u l a r  
p a t t e r n  in t he  r e j e c t  v i s ua l  grade y i e l d  as log p o s i t i o n  changed.  There 
was,  however,  a sharp  i n c re a s e  in r e j e c t  from 7.9% in the  second logs 
to 11.1% in the  t h i r d  logs .  This  is probably  because  o f  the  much l a r g e r  
branch s i z e s  in the t h i r d  l ogs ;  an e f f e c t  enhanced perhaps  by the 
downgrading o f  h e a r t - i n  p i eces  because of  l a rge  kno t s .  The former  could 
r e s u l t  from the  t h i nn i n g  regime adopted (see s e c t i on  4 . 2 . 2 ) .  The l a t t e r  
i s  sugges t ed  as an e x p l a n a t i on  f o r  the  low p e r ce n t age  of  F5HI in LPC3, 
i e .  7.6% compared wi th  22.3% in LPC4. The r e j e c t  y i e l d s  dec rea sed  fo r  
the  f o u r t h  and f i f t h  logs p o s s i b l y  for  t he  reasons  given above (Fen ton3 
e t .  a l . j  1971) .  Machine g r ad i ng  did not  however produce high r e j e c t  o r  
F4 y i e l d s  for  the t h i r d  l ogs ,  i n d i c a t i n g  t h a t  t he  i nc r e a s e  in branch s i z e  
noted d id  not  reduce s t i f f n e s s  to a c r i t i c a l  l e v e l .
Visual  g r ad ing  a l s o  produced d ec r e a s i ng  y i e l d s  o f  Fl 1 and 
F8 grades  wi th  i nc r e a s i n g  LPC (Table 4.271'  as would be expec t ed  because 
of  d e c r ea s i ng  p i ece  s i z e ,  i nc re a s in g  branch s i z e ,  and a d e c r e a s i n g  pe rcen tage  
of  mature wood.
Machine g r ading  produced l i t t l e  r e j e c t  grade e xce p t  f o r  
LPC5 and 6 (4.8% and 8.4% r e s p e c t i v e l y ) .  F4 y i e l d s  were f a i r l y  c o n s t a n t  
i r r e s p e c t i v e  o f  LPC (exc l uding  LPC6) but  were h i g h e s t  fo r  LPC1 and 2 a t  
13.1% and 9.8% r e s p e c t i v e l y .  Th i s ,  pe rhaps ,  demons t r a t e s  the  s l i g h t  
i n f e r i o r i t y  of  the corewood in the f i r s t  and second logs  compared t o  the  
h i ghe r  logs ,  p o s s i b l y  due to  i n i t i a l  spac ing e f f e c t s  observed by Per&son 
(1975).
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O vera l l  the  MSG y i e l d s  were s u p e r i o r  to  the  VG y i e l d s  
due to  a g r e a t e r  F7+ percen tage  (58% f o r  MSG and 50% f o r  VG) and a lower 
r e j e c t  percen tage  (1.4% f o r  MSG nad 15.8% f o r  VG).
A n t i c i p a t e d  Fl 1 and F8 y i e l d s  f o r  machine g rad ing  would 
n o r m a l l y  be h ig h e r  than was a c t u a l l y  found f o r  the  f i r s t  and second logs 
o f  c p t .  79. An in s p e c t io n  o f  the  y i e l d  r e s u l t s  (Appendix E) showed t h a t  
the  w id e s t  s c a n t l i n g  p ieces  ( i e .  250 mm and 300 mm) were g e n e r a l l y  
m e c h a n ic a l l y  graded a t  F5 o r  F7 whereas the  v i s u a l  g ra d in g  was u s u a l l y  
two o r  th re e  grades h ig h e r  f o r  the  same p ie c es .  These p ieces were sawn 
f rom mature o u te r  s e c t i o n s  o f  l a rg e  logs and would n o r m a l l y  be o f  h igh 
machine and v i s u a l  grade.
Most o f  the 250 and 300 mm wide s c a n t l i n g s  were produced 
f rom logs w i t h  sedub g r e a t e r  than about  450 mm, i . e .  f rom the f i r s t  and 
second logs o f  the  f o u r  l a r g e s t  t r e e s  o f  c p t .  79 ( i e .  logs 1 /1 ,  1 /2 ,  2 /1 ,
2/ 2 , 9/ 1, 9/ 2 , 10/ 1, 10/ 2) .
The reason f o r  the lower than expected machine grades 
f o r  these s iz e s  is  no t  known. The machine g rad ing  o f  the  150 mm and 
200 mm s i z e s  c a r r i e d  ou t  a t  the  F o r e s t r y  Commission o f  NSW showed t h a t  
the  MSG y i e l d s  were s u p e r i o r  to  the  VG y i e l d s ,  an expected r e s u l t  when 
d e a l i n g  w i t h  mature logs .
The mechanical  grade y i e l d s  in 250 and 300 mm wide s c a n t l i n g s  
f o r  the  logs in q ue s t io n  are p robab ly  too  c o n s e rv a t i v e  f o r  grades above 
F5 and the  boundar ies  between the  F l l  -  F8, F8 -  F7 and F7 “  F5 grades 
d e p ic te d  in  F igu re  4 .10  shou ld  be lower than shown. The v is u a l  grade 
y i e l d s  in the h ig h e r  grades would be a r t i f i c a l l y  inc reased  by the  f a i l u r e  
t o  resaw the  250 mm and 300 mm s izes  s in c e  the p r o b a b i l i t y  o f  f i n d i n g  a 
l a rg e  enough d e fe c t  on these  s fzes  to  downgrade them would be le s s  than t f  
they  were resawn i n t o  nar rower s e c t i o n s .  (V isua l  g rad ing  r u l e s  r e l a t e  
p e r m is s i b l e  s i z e  o f  d e f e c t  f o r  any p a r t i c u l a r  g rade  t o  t h e  s i z e  o f  t h e  
p i e c e . )
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To i l l u s t r a t e  the  d i f f e r e n t  grade r e c o v e r i e s  for  the  l a rge  
and small  b u t t  logs from c p t .  79 t h e  MSG and VG y i e l d s  fo r  t he  two groups 
a r e  given in Table  4 .28 .  Thi s  shows the  poor MSG y i e l d s  ob t a i ne d  from the  
four  l a r g e s t  logs when compared to the  sma l l e r  l ogs .  For example t he  l a rge  
logs produced 9.9% Fl 1 and t he  smal l  logs 28.4%. Visual  grad ing  showed 
the  expec t ed  high Fl 1 y i e l d  (41%) from the l a rge  logs  when compared t o  t he  
s ma l l e r  (9%). Table 4 .28 a l s o  i l l u s t r a t e s  the  h i ghe r  y i e l d s  of  Re j ec t  
and F4 grades  fo r  the s ma l l e r  logs from MSG, and c o r r e s pond i ng l y  h i ghe r  
y i e l d s  fo r  Re j ec t  and F5HI fo r  the  s ma l l e r  logs  from VG. This is  the  
expec t ed  r e s u l t  s i nce  the  average  d i amete r  of  t he  f i r s t  12 r ings  (probable  
e x t e n t  of  the  j u v e n i l e  core)  remained c o n s t a n t  a t  about  200 mm i r r e s p e c t i v e  
o f  log s i z e  (de te rmined  from photographs  of  t he  small  ends of  each b u t t  
l o g ) ,  thus  r e s u l t i n g  in the  sma l l e r  logs  having a l a r g e r  pe r cen t age  of  
j u v e n i l e  wood per  u n i t  volume than the l a r g e r  l ogs .
The grade  y i e l d s  f o r  the  f i r s t  and second logs wi th  sedub 
<450 mm a r e  given in Tab l e  4 .29 and F igure  4.11 fo r  both MSG and VG. When 
compared t o  t h e  o r i g i n a l  y i e l d s  in Tables  4 .26 and 4.27 the  sma l l e r  logs 
produced l a r g e r  MSG y i e l d s  in the  FI 1 and F8 grades  than did t he  o r i g i n a l  
10 log group f o r  both LPC1 and LPC2. They a l s o  produced lower Fl 1 VG 
y i e l d s  than did t he  o r i g i n a l  10 log group fo r  LPC1 and LPC2.
These r e s u l t s  v e r i f y  t he  p r e d i c t e d  e f f e c t  on y i e l d s  of  t he  
appa r e n t  down-grading o f  t h e  l a r g e r  s i z e s  by MSG and show t h a t  the  Fl 1 VG 
y i e l d s  were i nc reased  by not  resawing t he  wider  s e c t i o n s .
Repl ac ing  the  o r i g i n a l  y i e l d  r e s u l t s  f o r  t he  f i r s t  and 
second logs in F i gu r e  4 . 10  wi th  the  y i e l d s  in F igure  4.11 gives  a s l i g h t l y  
d i f f e r e n t  p i c t u r e  f o r  t h e  MSG y i e l d s .  I t  i n d i c a t e s  t h a t  t he  F7+ grade  is  
h i g h e s t  f o r  t he  second and f i f t h  logs  (around 75%) and lowest  f o r  t he  b u t t  
and t h i r d  logs  (around 60%). Fl 1 y i e l d  was f a r  h ighe r  in t he  b u t t  
(28%) than in any o t h e r  logs ( l e s s  than 10%). Other  changes  were minimal .  
The only s i g n i f i c a n t  change fo r  the  VG r e s u l t s  was a dec rease  in Fl 1 y i e l d
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TABLE A . 28
Percentage y i e l d s  in the  mechanical  and v i s u a l  grades f o r  two
b u t t  log d iam ete r  c lasses  f rom compartment  79
(a) M echanical grading
Aedub Wo. oh Machine. anade venceniaoe u ie ld
[mm] log4 F7 7 FS F7 F5 F4 Rej eel
> 450 4 9 .9 15.9 20.4 43.4 9.6 0.8
< 450 6 28.4 17.5 12.6 20.9 18.1 2.4
(b) V isua l grading
i>edu.b Wo. oh Visual anade vencentaae u ie ld
[mm] log6 F77 F8 F7 F5 F5HI Re. j  eel
> 450 4 40.7 25.3 10.5 7.0  5.9 10.7
< 450 6 9 .4 23.6 12.5 19.6 13.0 16.0
TABLE 4.29
Percentage y i e l d s  in the mechanical  and v i s u a l  grades f o r the b u t t
and second logs f rom compartment  79 1e x c lu d in g  the  logs w i t h
sedub g r e a te r  than 450 mm f o r  b u t t  logs and 400 mm f o r  second logs
(a) Mechcmioal grading
LPC Wo. oh Machine. gnade percen tage  y ie ld
log A F77 F8 F7 F5 F4 Rejeel
1 6 28.4 17.5 12.6 20.9 18.1 2 .4
2 6 7.9 49.6 17.5 20.6 4 .4 0
(b) V isua l grading
LPC Wo. o^ Visual gnade, pencentage y ie ld
log4 F77 F8 F7 F5 F5FCL Reject
1 6 9 .4 29.6 12.5 19.6 13.0 16.0
2 6 11.9 26.9 22.6 16.7 13.1 8.8
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FIGURE 4 .11 .  Percentage y ie lds  in the (a) mechanical and (b) visual
grades fo r  log posi t ion classes 1 and 2 o f  compartment 79 
excluding logs w i th  S .E .D.U.B.  > 450 mm for  LPC 1 and 
S.E .D .U .B .  > 400 mm fo r  LPC 2.
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f o r  both  LPC1 (28% to  9%) and LPC 2 (15% to  12%).
A . 5 .2  Compartments 1043 1 0 5 - 3  s i t e  q u a l i t ie s .
Mechanical and v i s u a l  g rad ing  y i e l d s  f o r  each log  p o s i t i o n  
c la ss  f o r  the  th r e e  s i t e  q u a l i t i e s  are  g iven in Table  4.30a and F ig u re  
4 .12 f o r  MSG and Table 4.30b and F ig u re  4.13  f o r  VG.
Machine g rad ing  r e s u l t e d  in less than 3% below F5 f o r  
a l l  log p o s i t i o n s  and a l l  s i t e  q u a l i t i e s .  G e n e ra l l y  the low SQ t re es  
produced the  l a r g e s t  percentage below F5 (except  f o r  the f o u r t h  LPC where 
o n l y  th re e  logs were re c o v e red ) ,  p ro b a b ly  due to  a s l i g h t l y  l a r g e r  
o v e r a l l  percentage o f  j u v e n i l e  t im b e r  in  the  s m a l le r  t r e e s .
Th is  deduc t ion  is  s t reng thened  by the v i s u a l  g rad ing  
r e s u l t s  (F ig u re  4 .14)  wh ich  show t h a t  the low SQ. t r e e s  produced a l a r g e r  
percen tage o f  F5HI + r e j e c t  than d id  the  h ig h e r  s i t e  q u a l i t i e s .
Machine g rad ing  produced a y i e l d  o f  about  80% in the F7 
and h ig h e r  grades (F7+) f o r  the  b u t t  and second logs f o r  a l l  t h r e e  s i t e  
q u a l i t i e s .  Y i e l d  o f  F7+ grades was g e n e r a l l y  less  f o r  the  h ig h e r  log 
p o s i t i o n s  be ing about  65% f o r  LPC3 and 35% f o r  LPC ( a f t e r  e x c lu s io n  o f  the  
group w i t h  o n l y  th re e  l o g s ) .
For v i s u a l  g ra d in g  the  y i e l d  o f  F7+ f o r  the h igh  and 
medium s i t e  q u a l i t i e s  was about  55% f o r  the b u t t  logs and about  65% f o r  the  
second logs .  The b u t t  and second logs f rom the  low s i t e  q u a l i t y  area 
produced about  48% o f  F7+. Y ie ld s  o f  F7+ were less  f o r  the h ig h e r  log 
p o s i t i o n s  be ing  about  30% f o r  LPC3 and 20% f o r  LPC 4 (e x c lu d in g  the  groups 
w i t h  t h r e e  1ogs) .
There were no g r e a t  d i f f e r e n c e s  between y i e l d s  o f  F8+ 
and Fl 1 grades f o r  the th re e  s i t e  q u a l i t i e s  f o r  the  f i r s t  two logs 
wha tever the g ra d in g  method. MSG produced about  28% F11 and about  60%
F8+ f o r  both the b u t t  and second logs and VG produced about  15%, Fl 1 and 
35%, F8+ f o r  the b u t t  logs and about  5%, Fl 1 and 35%, F8+ f o r  the  second
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TABLE 4.30a
Percentage y i e l d s  in the  mechanical  grades f o r  the  v a r i o u s  log p o s i t i o n  
c lasses  f o r  the  t h r e e  s i t e  q u a l i t y  (SQ) areas o f  compartments 104, 105
LPC Wo. otf MacJwjte g/iade peA cw itage. yleJLd
lo g  a ¥11 ¥8 ¥7 ¥5 ¥4 R2. j 2.cLt
1 1 10 1 9 . 0 39.3 22 .7 15.7 3.4 0
2 10 2 7 . 6 37.4 1 3 . 0 1 9 . 2 2 .7 0
3 3 16.5 50.3 16.7 13.3 3.3 0
4 4 0 19.5 8 . 6 63.9 7.9 0
5 1 0 0 5 0 . 0 5 0 . 0 0 0
2 1 6 29.5 33.6 13.9 1 8 . 8 4.2 0
2 8 29 .7 27.1 20.7 1 9 . 8 2 .7 0
3 4 4 .7 49.7 1 2 . 1 33.5 0 0
4 4 0 25.9 18.4 49.4 6.3 0
5 1 0 0 6 8 . 1 31.9 0 0
3 1 9 3 6 . 6 29.4 12.5 1 5 . 2 5.1 1.3
2 6 2 6 . 0 2 8 . 1 23.5 13.9 6 .4 2 . 1
3 4 4 .0 27.4 27.1 3 2 . 8 8 . 6 0
4 3 0 20.5 39.1 40.4 0 0
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FIGURE ^ .1 2 .  Mechanical s t r e s s  g rad ing  y i e l d s  f o r  the  y a r i o u s  log
p o s i t i o n  c lasses  (LPC) f o r  the th ree  s i t e  q u a l i t i e s  (SQ.) 
o f  compartments 104 and 105.
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TABLE 4.30b
Percentage y i e l d s  in the  v i s u a l  grades f o r  the v a r io u s  log
p o s i t i o n c la sses f o r  the th re e  s i t e  q u a l t t v r areas o f  c p ts . 104,105
s a LPC W o . 0 j$ VsUuaZ g/iade. peAc.2.w tagz. yjLzZxL
£ o g -6 F7 7 FS F7 F5 F5HI Re/ec t
i 1 10 12.6 26.6 17.4 18.6 14.0 10.9
2 10 8.4 34.9 21 .5 22.4 9 .6 3.1
3 3 5.5 32.1 16.1 29.7 6 .6 10.0
4 4 5.0 8.6 5 .8 19.9 25.9 34.7
5 1 0 0 0 0 100 0
2 1 6 11.9 18.5 23.3 36.4 2 .9 9.9
2 8 2.9 27.0 33.7 16.5 16.0 4.0
3 4 0 21 .2 3.1 50.3 2 .9 22.6
4 4 0 19.3 0 31 .0 31 .0 18.8
5 1 0 0 0 34.0 31 .9 34.0
3 1 9 16.8 21 .4 8 .8 19.5 22.3 11.2
2 6 6 .0 30.4 14.4 13.1 10.7 25.5
3 4 12.3 14.8 14.5 16.9 29.9 11.5
4 3 0 10.3 0 10.3 69.2 10.3
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FIGURE 4.13- V is u a l  s t r e s s  g rad ing  y i e l d s  f o r  the v a r io u s  log
p o s i t i o n  c lasses  (LPC) f o r  the th ree  s i t e  q u a l i t i e s  (SQ)
o f  compartments 104 and 105".
93.
logs. Machine grading yields, however, showed some decrease in F11 
yield as s i te  quality increased for the butt logs, possibly because 
branch size increases as site qual ity increases. This, however, was not 
reflected in the second logs where Fll yield was constant at about 28%.
Visual grading produced about 10% reject for s ite  
qual it ies 1 and 2 for the butt logs and about 4% for the second logs for 
a l l  s ite  qua l i t ies .  In site quality 3 the butt logs produced a high 
26% re ject.  The reason for this is unknown. LPC 3 and 4 produced between 
10% and 30% reject ,  increasing with increasing site qual ity . However, 
the number of logs in each group was small.
In summary, s ite  qual ity  did not appear to affect  machine 
grade yields s ignif icant ly  except for perhaps the yield of Fll from the 
butt logs where i t  decreased with increasing s ite  qual i ty ,  and for the 
small effect of the higher percentage of juvenile wood in the smaller 
logs which increased the yield of grades below F5 from the lowest s ite  
quali ty.
Visual grading yields appeared to be affected by s i te  
quali ty in as much as the percentage of juvenile or "heart-in" wood was 
affected by log size. As s ite  qual ity  decreases log size decreases and 
the "heart-in" yield increases. The yield of F7+ was smallest for the 
lowest s ite  qual ity . Grade yields were generally superior from MSG than 
from VG. MSG produced very low percentages of reject and F4 grade and a 
high percentage of F l l ,  F8 and F7 grades for the two bottom logs 
of FÖ for the third log position class. The yields of these grades using 
visual means were lower for a ll  log positions.
Apparent average whole tree grade yields were determined 
using the f i r s t  four log position classes. These are given in Table 4.31. 
Because of unequal representation in each log position class these yields 
may not be representative of the stands sampled. They do, however,
9 4 .
demonst ra te  the  i n s i g n i f i c a n t  d i f f e r e n c e s  in y i e l d s  between the t h r e e  
s i t e  q u a l i t i e s  f o r  MSG and,  f o r  VG the  h igh  y i e l d s  o f  low grade m a t e r i a l  
f rom the  low s i t e  q u a l i t y  area.
TABLE 4.31
Apparent  whole t r e e  percen tage  y i e l d s  in the  mechanical  and 
v i s u a l  grades f o r  the  th ree  s i t e  q u a l i t y  areas o f  c p t s .  104, 105
(a ) Machine grade pe rcen tage  y ie ld
sa F7 7 FS F I F5 F4 R e je c t
1 18.8 39.4 17.0 21.2 3.7 0 . 0
2 20.0 34.8 15.9 26.3 3.0 0 . 0
3 21 .3 27.4 22.5 22.0 5.6 1.1
(b ) V is u a l grade pe rcen tag e  y ie ld
sa F11 FS F I F5 F5HI R e /e c t
1 8 .8 28.3 17.0 22.6 12.2 11 .0
2 5 .0 21 .4 18.3 33.2 9 .9 12.3
3 10.4 21 .2 10.7 15.8 26.5 15.4
4 . 5 . 3  Compartment 1 3 9 - 4  i n i t i a l  sp a c in g s .
Mechanical  and v i s u a l  grade y i e l d s  f o r  each log p o s i t i o n
c la s s  f o r  the  f o u r  i n i t i a l  spac ings  are g iven in Tables  4.32a and 4.32b 
and F ig u res  4 .14 ,  4.15 and 4 .16 .  Only small  numbers o f  b u t t  logs were 
recovered f rom the 3.05 m x 3-05 rn and 3.66 m x 3.66 m spac ings and no 
c o n c lu s io n s  cou ld  be drawn about  them.
Th is  compartment produced a s i g n i f i c a n t  amount o f  t im b e r  
w i t h  excess ive  t w i s t  wh ich  is r e f l e c t e d  in the  y i e l d  r e s u l t s .  An 
exam ina t ion  o f  the  p ie ce  grade r e s u l t s  (Appendix E) showed t h a t  c p t .  135
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TABLE 4.32a
Percentage yields in the mechanical grades for the various log
p o s i t i o n c l a s s e s  f o r t h e  f o u r s p a c i n g s i n  c o m p a r t m e n t 139
Square. L V C Wo. 0 j$ Mac  f u n  e. ghjxdo. peAczyvtage. y Z z ld
s p a c in g Zog4
F7 7 FS F7 F5 F4 R e j e c t
1 . 8 3  m 1 6 1 0 . 6 3 5 . 6 1 6 . 9 2 6 . 4 0 1 0 . 6
2 5 0 4 1 . 3 0 0 0 5 8 . 7
3 4 0 0 3 1 . 1 1 5 . 6 0 5 3 . 3
4 2 0 0 0 100 0 0
2 . 4 4  m 1 4 2 4 . 4 1 3 . 3 7 . 3 3 2 . 5 1 4 . 8 7 . 7
2 5 9 . 1 2 2 . 9 3 8 . 9 2 9 . 1 0 0
3 4 0 2 5 . 2 3 7 . 2 1 5 . 0 7 . 7 1 5 . 0
4 3 0 0 3 4 . 1 4 7 . 7 0 1 8 . 2
3 . 0 5  m 1 2 1 5 . 6 3 6 . 2 8 . 3 1 5 . 0 2 4 . 9 0
2 6 5 . 6 2 7 . 0 2 7 . 8 2 7 . 5 6 . 0 6
3 5 0 1 4 . 3 3 5 . 7 4 2 . 8 7 . 2 0
4 1 0 0 5 0 . 0 5 0 . 0 0 0
5 1 0 0 5 0 . 0 0 0 50
3 . 6 6  m 1 3 2 0 , 7 2 3 . 7 1 9 . 0 8 . 4 2 3 . 4 4 . 8
2 4 6 . 9 1 9 . 5 1 8 . 8 3 4 . 4 1 3 . 6 6 . 8
3 6 0 4 2 . 8 2 1 . 4 2 1 . 7 6 . 8 7 . 3
4 2 0 3 8 . 2 1 9 . 7 4 2 . 1 0 0
5 2 0 0 0 8 0 . 0 0 2 0 . 0
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TABLE 4.32b
Percen t age  y i e l d s  in t he  v i s u a l  grades  for  t h e  v a r i o u s  log p o s i t i o n  
c l a s s e s  for  the  four  spac i ngs  in compartment  139
S q u a / i d LPC M o .  o 4 VXauuoJL g A a d z  peAc. z n ta g e .
A p c i & l n g l o g * F 1 1 F S F I F 5 F 5 H J R d j d d t
1 . 8 3  m 1 6 0 2 5 . 7 2 5 . 4 5 . 6 3 2 . 0 1 1 . 3
2 5 0 0 1 6 . 4 1 6 . 9 7 . 9 5 8 . 7
3 4 0 1 5 . 6 0 0 1 3 . 3 7 1 . 1
4 2 0 4 8 . 3 0 0 5 1 . 7 0
2 . 4 4  m 1 4 0 1 1 . 1 2 8 . 2 1 6 . 8 3 6 . 3 7 . 7
2 5 8 1 3 . 6 1 3 . 6 1 3 . 6 4 4 . 2 6 . 9
3 4 0 7 . 2 6 . 8 0 3 7 . 6 4 8 . 4
4 3 0 0 0 0 4 7 . 7 5 2 . 3
3 . 0 5  m 1 2 7 . 8 8 . 3 1 6 . 9 3 5 . 4 3 1 . 6 0
2 6 2 . 5 9 . 3 9 . 1 2 3 . 9 1 8 . 6 3 6 . 5
3 5 0 9 . 5 4 . 8 2 3 . 8 4 5 . 2 1 6 . 7
4 1 0 0 0 5 0 . 0 5 0 . 0 0
5 1 0 0 0 0 5 0 . 0 5 0 . 0
3 . 6 6  m 1 3 0 3 6 . 9 1 2 . 1 1 8 . 6 2 7 . 7 4 . 8
2 4 6 . 8 4 . 2 2 0 . 7 2 1 . 0 3 0 . 3 1 7 . 0
3 6 0 1 2 . 5 1 7 . 2 1 8 . 0 2 9 . 0 2 3 . 3
4 2 0 0 1 7 . 4 1 7 . 4 3 2 . 6 3 2 . 6
5 2 0 0 0 0 8 0 . 0 2 0 . 0
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FIGURE 4 .1 6 .  Mechanical and v is u a l grade y ie ld s  f o r  the t h i r d  logs
(LPC 3) sampled from the  fo u r  spac ings in  compartment 139.
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produced more h i gh l y  t wi s t e d  t i mber  than any of  the o t h e r s .  I t  i s  
su sp e c t e d  t h i s  compartment  was p l a n t e d  wi th  exper i ment a l  c u t t i n g s  l e f t  
ove r  from the  work of  M.R. Jacobs (1939) and h i g h l y  t w i s t e d  wood came 
from t r e e s  o f  the  same c lone (A .G . Brown p e r s . oomm.3 1980) .  G e ne r a l l y  
any r e j e c t  over  5% in the MSG r e s u l t s  was due to  e x c e s s i v e  t w i s t .  Twis t  
had the  most e f f e c t  on grade y i e l d s  in the  second and t h i r d  log p o s i t i o n s  
of  t he  1.83 m x 1.83 m spac ing  where i t  was the cause  o f  r e j e c t  f o r  a l l  
t h e  MSG and most o f  t h e  VG y i e l d .
Taking in t o  c o n s i d e r a t i o n  the problem of  t w i s t  t h e r e  
appea r  t o  be some t r en d s  in the  grade y i e l d s  fo r  t he  v a r i o u s  s p a c i n g s .
For example fo r  t he  f i r s t  and second logs  MSG g e n e r a l l y  produced d e c r e a s i n g  
y i e l d s  of  F5+ as spac ing  i n c re a s ed ,  and fo r  the  second logs  d e c r e a s i n g  
F7+ y i e l d s .  Al l  p i e c e s  graded as r e j e c t  f o r  LPC 2 and LPC 3 a t  t he  1 .83 m 
spac ing  graded as  F5 when t w i s t  was d i s r e g a r d e d .  For t he  t h i r d  logs  
spac ing  appeared to  have l i t t l e  c o n s i s t e n t  e f f e c t  on machine grade  y i e l d s  
i gnor i ng  the e f f e c t  of  t w i s t .
As spac ing  i n c r e a s e s  branch s i z e  i n c r e a s e s  and t imber  
grade would be expec ted  to d e c r e a s e .  P e r s s o n 's  (1975) work on Scot s  p ine  
(P. s y l v e s t r i s )  i n d i c a t e d  t h a t ,  as spac ing  i n c re a s ed ,  t he  lower logs  
produced i n c r e a s i n g l y  i n f e r i o r  t i mber ,  a r e s u l t  mi r r o r e d  to some e x t e n t  
h e r e .
Visual  g r ad ing  produced roughly s i m i l a r  grade y i e l d s  fo r  
t he  four  spac i ngs  f o r  the b u t t  logs i f  the  r e j e c t  a r i s i n g  from the  
t w i s t e d  p i eces  fo r  the  1 .83 ra and 2.44 m spac i ngs  i s  i gnored .  The second 
and t h i r d  logs produced confus ing  r e s u l t s  wi th  h igh p e r ce n t ages  o f  r e j e c t  
in some c l a s s e s .  (All p i e c e s  graded as r e j e c t  fo r  LPC 2 a t  the 1.83 rn 
spac ing  would have been graded as F5HI i f  t w i s t  had been d i s r e g a r d e d .  If 
t h i s  was done fo r  LPC 3 as w e l l ,  only 18% of  the  produc t  from t h i s  log 
p o s i t i o n  would have been r e j e c t e d  and the remainder  graded as F5HI.)  These
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l o g s ,  however,  g e n e r a l l y  produced dec reas ing  y i e l d s  o f  F5HI as spac ing  
i n c re as e d .  T h is  is  to  be expected because o f  the i n c r e a s in g  s i z e  o f  
the  logs in any one log p o s i t i o n  c la s s  as spac ing i n c re a s e s .  A ls o  as 
spac ing  inc reased  the y i e l d  o f  F5+ grades appeared to  in c re as e ,  e . g .  f o r  
the  second logs the 1.83 m spac ing  produced 33% and the 3*66 m, 53%. For 
the  t h i r d  logs  the 1.83 m spac ing produced 16% F5+ and the 3.66  m 48%.
In general  the c l o s e r  spacings  produced the lowes t  y i e l d s  
o f  low grade wood, a t  l e a s t  f o r  the f i r s t  and second logs .  The w id e r  
spac ings  however produced s u p e r i o r  y i e l d s  f o r  the  t h i r d  logs .  These 
co n c lu s io n s  are based on f a i r l y  smal l  sample s i z e s  and f o r  t h i s  reason 
shou ld  be t r e a t e d  w i t h  some c a u t io n .
Apparent  average whole t r e e  grade y i e l d s  were de te rm ined  
us in g  the  f i r s t  th ree  p o s i t i o n  c la s s e s .  These are  g iven in Tab le  4 .33 .  
Because o f  unequal r e p r e s e n t a t i o n  and a smal l  sample s i z e  in each log 
p o s i t i o n  c la s s  these y i e l d s  may not  be r e p r e s e n t a t i v e  o f  the  s tands 
sampled.  For these reasons and the  c o m p l i c a t i o n  o f  the  h i g h l y  t w i s t e d  
t im b e r  no c o nc lus io n s  are drawn about  the e f f e c t  o f  spac ing  on whole 
t r e e  grade y i e l d s .
4 . 5 . 4  Compartment 149 .
Mechanical  and v i s u a l  grade y i e l d s  f o r  the  f i r s t  t h r e e  
log p o s i t i o n  c la sse s  are  g iven  in Tables  4.34 and 4 .35 and F ig u re  4 .1 7 .
Large percen tages o f  r e j e c t  were recovered f rom a l l  t h r e e  
LPC's f o r  bo th  g ra d in g  methods.  I t  v a r i e d  f rom 20% to  36% f o r  the  MSG 
and f rom 11% t o  33% f o r  VG. MSG a ls o  produced f a i r l y  l a rg e  y i e l d s  o f  F4 
so t h a t  40 -  50% o f  t h e  volume was graded a t  less than F5. T h is  r e s u l t  
is  p ro ba b ly  due to  the  l a rg e  percen tage  o f  low d e n s i t y ,  low s t i f f n e s s  
j u v e n i l e  wood in the s m a l l ,  young logs .  The age o f  the  stand (24 years )  
p lus  the  f a c t  t h a t  i t  was unth inned  would have a l lowed  the  j u v e n i l e  co re  
to  be o f  g rea t  s i g n i f i c a n c e  in l i m i t i n g  the  y i e l d s  o f  the  h ig h e r  grades
102.
TABLE 4.33
Apparent whole tree percentage yields in the mechanical 
and visual grades for the four spacings in compartment 139
(a) Machine grade percentage yield
Square.
spacing FJ1 FS FI F5 F 4 Reject
1.83 m 4.6 30.2 13.9 14.9 0 36.4*
2.44 m 12.6 16.8 25.0 29.8 7.7 8.2
3.05 m 7.9 27.1 22.4 26.8 13.6 2.1
3.66 m 10.5 25.7 19.8 22.0 15.8 6.3
(b) Visual grade percentage yield
Squatte
spacing F11 FS FI F5 F5HI Re.je.ct
EroCO 0.0 14.6 17.0 8.4 19.7 40.4*
2.44 m 2.2 9.7 16.7 10.6 40.0 20.7
3.05 m 3.9 9.0 10.9 28.3 30.8 17.1
3.66 m 2.7 17.2 16.9 19.6 29.4 14.2
* These high reject yields were due to excessive twist in the recovered 
timber and not to a spacing effect. Most timber graded as reject 
from this spacing would have been graded F7 and F5 using MSG and as 
F5HI using VG if twist was neglected.
i
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TABLE 4.34a
Percentage yields in the mechanical grades for the various 
log position classes of compartment 149
LPC No. ob Machine gsiade. pe.sicmtage. y^ zZcL
■cog* F7 7 PS PI F5 P4 Reject
1 8 0 10.5 15.8 25.1 12.7 35.9
2 3 0 0 14.1 32.9 34.1 18.8
3 7 0 5.3 15.9 42.2 15.9 20.6
4 2 0 0 23.0 50.8 0 26.2
TABLE 4.34b
Percentage yields in the visual grades for the various 
log position classes of compartment 149
LPC No. ob 
£og-6 [UauloZ g/Ladz peAczutage, y^ &JLd
P11 PS P7 F5 P5H1 Reject:
1 8 5.3 7.9 13.7 20.4 27.9 25.0
2 3 0 0 0 18.8 48.2 32.9
3 7 0 5.3 5.3 15.9 63.1 10.3
4 2 0 0 0 0 100 0
TABLE 4.35
Apparent whole tree percentage yields in the mechanical and visual 
grades for compartment 149
(a) Machine grade percentage yields
F/J PS F 7 PS P4 Rej ect
0.0 6.9 15.5 31.8 17.9 27.9
(b) Visual grade percentage yields
F11 PS P7 F5 P5HI Pajact
22.12.7 5.6 8.4 18.7 42.5
(a) MSG (b) VG 104.
LPC 1LPC 1
FIGURE 4 .17 .  Mechanical  and v i s u a l  grade y i e l d s  f o r  the  v a r io u s  log 
p o s i t i o n  c lasses  f o r  t r e e s  from compartment  149.
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( l e s s  than 25% o f  F7+ g r ad e ) .  Thi s  is  borne out  by t he  v i s ua l  grading 
r e s u l t s  which produced 28%, 48% and 63% in t he  F5Hl grade f o r  t he  f i r s t ,  
second and t h i r d  logs r e s p e c t i v e l y .
Machine g r ad i ng  produced a s l i g h t l y  i n f e r i o r  grade 
d i s t r i b u t i o n  f o r  the  b u t t  logs  because  of  a l a r g e  r e j e c t  p e r ce n t age .
Thi s  l a rge  r e j e c t  p e r ce n t a g e  was a l s o  r e f l e c t e d  in the  v i s ua l  g r ad i ng .  An 
i n s p e c t i o n  of  t h e  g rade  r ecovery  da t a  (Appendix E) showed t h a t  many of  t he  
p i e c e s  r e j e c t e d  by one method were graded d i f f e r e n t l y  by t he  o t h e r  method.  
Visual  grad ing  r e l i e s  on d e f e c t  s i z e  and type and MSG r e l i e s  on measured 
s t i f f n e s s  over  a s h o r t  span f o r  grade  d e t e r mi n a t i o n  so t h e r e  must be 
d i f f e r e n c e s  in grade  r e s u l t s  between t h e  two methods.
Apparent  ave rage  whole t r e e  grade r e c o v e r i e s  were 
det ermined us ing t he  f i r s t  t h r e e  p o s i t i o n  c l a s s e s .  These a r e  given in 
Table  4 . 35 .  Because o f  unequal  r e p r e s e n t a t i o n  in each log p o s i t i o n  
c l a s s  t he s e  y i e l d s  may not  be r e p r e s e n t a t i v e  of  t he  sampled s t and .  They 
do however demons t r a t e  t h e  o v e r a l l  d i f f e r e n c e s  between t h e  two grading 
systems in t h e i r  y i e l d s  below F5 g rade ,  i . e .  46% f o r  MSG and 22% fo r  VG.
4 . 5 . 5  Compartment 162a.
Mechanical  and v i s ua l  g r ad ing  y i e l d s  f o r  t he  f i r s t  t h r e e  
log p o s i t i o n  c l a s s e s  a r e  given in Tab l es  4.36 and 4.37 and in F igure  4 . 18 .
TABLE 4 . 36a
P e r cen t age  y i e l d s  in t h e  mechanical  g rades  f o r  t h e  y a r t o u s  log 
p o s i t i o n  c l a s s e s  o f  compartment  162a
MacfUne gsia.de, peAce.yvta.ge. yteZcU 
FS TT T5 m  Reject
4.3 5 . 0  36.8 24.0 29.8
0 35.1 36.8 28.1 0
0 25.0 75.0 0 0
LPC Mo. oi
Log& pjj
1 5 0
2 5 0
3 5 . 0
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TABLE 4.36b
Percentage y i e l d s in the  v i s u a l grades f o r the  i✓ ar ious log
p o s i t i o n c lasses o f  compartment 162a
LPC No. otf \UauloJL gsiade. peAcentage. yX e ld
Zog6 F 7 7 FS F I FS F5H1 Re.je.cX
1 5 0 9.3 0 12.4 54.7 23.6
2 5 0 0 7.6 8.8 74.3 9 .4
3 5 0 0 0 0 100 0
TABLE 4.37
Apparent  whole t r e e  percen tage  y i e l d s  in the mechanical  and 
v i s u a l  grades f o r  compartment  162a
(a ) Machine grade p e rcen tage  y ie ld
F11 FS F I F5 F4 Ro.je.cX.
0.0 2.2 18.0 41.8 22.3 1 5 . 6
(b ) V is u a l grade pe rcen tag e  y ie ld
F7 7 FS F I FS FSHl Re.je.cX
0 .0 4 .9 2.6 9.5 67.3 15.6
The b u t t  logs produced la rg e  y i e l d s  o f  r e j e c t  f o r  both 
g rad ing  systems; l i t t l e  r e j e c t  was produced f rom the  o th e r  logs .  The 
l a rg e  r e j e c t  y i e l d  f rom machine g rad ing  was the  r e s u l t  o f  low d e n s i t y  
corewood s ince  the p ieces  r e j e c t e d  by machine g ra d in g  graded F5HI v i s u a l l y  
and, must t h e r e f o r e  have had f a i r l y  small  d e f e c t s .  The problems o f  machine 
g rad ing  low d e n s i t y  j u v e n i l e  wood were i n v e s t i g a t e d  by A nton (1979) who 
found t h a t  50% o f  s c a n t l i n g s  produced f rom 13 year  o ld  r a d ia t a  p ine  t r e e s  
were r e j e c t e d  even though 95% a c t u a l l y  met the  s t r e n g t h  requ irements  f o r  F5.
(a) MSG (b) VG
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FIGURE 4.18. Mechanical and visual grade y ie lds for the three log 
position classes sampled from compartment 162a.
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I n t e r e s t i n g l y  t h e  p i e c e s  r e j e c t e d  by v i sua l  gr ad ing  in t h i s  s tudy were 
graded F5 or  F4 by MSG i n d i c a t i n g  t h a t  the  p i e ces  wi th  d e f e c t s  l a rge  
enough to  cause  them to  be r e j e c t e d  by v i s ua l  g r ad ing  had r easonab l y  high 
s t i f f n e s s  and probably  came from the  o u t e r  s e c t i o n s  o f  t he  log where 
d e n s i t y  was h i g h e s t .
Large pe r ce n t a g e s  of  F4 MSG grade were produced by the  
b u t t  and second logs (24% and 28% r e s p e c t i v e l y )  a g a i n ,  probably  because 
of  low d e n s i t y  core  wood.
Visual  g r ad i ng  produced i n c r e a s i n g  pe r ce n t a g e s  of  
F5HI as  log p o s i t i o n  i nc r e a s ed  because o f  de c r e a s e  in log s i z e .
Both g r a d i ng  methods produced a n e g l i g i b l e  y i e l d  of  F8 
and l i t t l e  F7. Visual  gr ad ing  produced l i t t l e  o t h e r  than F5H1 and r e j e c t .
Apparent  ave rage  whole t r e e  grade y i e l d s  were determined 
us ing the  f i r s t  t h r e e  log p o s i t i o n  c l a s s e s .  These a r e  given in Table 4 .37 .  
Because of  the  small  sample s i z e  t he se  y i e l d s  may not  be r e p r e s e n t a t i v e  
of  t he  sampled s t a nd .  However,  they do i n d i c a t e  t h a t  MSG produces  38% 
below F5 and VG only  16%.
4 . 5 . 6  Compcop'ison between 3 age c la sses .
Compartment 162a (19 y e a r s ) ,  149 (23 y ea r s )  and the  2 . 4  m 
spac ing  in c p t .  139 (30 yea r s )  were a l l  un th i nned ,  low pruned ( except  f o r  
c p t .  139) and had s i m i l a r  i n i t i a l  spac ings  ( c p t .  149 was p l a n t e d  a t  
2.74 m x 2.74 m and t he  o t h e r s  a t  2.44 m x 2.44 m). Grade y i e l d s  us ing 
both mechanical  g r ad i ng  and v i s ua l  g r ad ing  fo r  t he  f i r s t  t h r ee  log 
p o s i t i o n  c l a s s e s  f o r  t he  t h r e e  age c l a s s e s  a r e  given in Tables  4 . 32 ,  4.34 
and 4.36 and a r e  shown in Figure  4 .19 .
The b u t t  log y i e l d s  fo r  both gr ad ing  systems show t h e r e  
is  a general  i n c r e a s e  in the  y i e l d s  of  F7+ and F5+ grades  and t h a t  t h e r e  
is  a genera l  d e c r ea se  in the r e j e c t  pe r ce n t age  as  age i n c r e a s e s .  The 
f a i r l y  h igh r e j e c t  y i e l d s  f o r  t he  23 yea r  o ld s t and  could have been an
109.
FIGURE 4 .19 .  Mechanical  and v i s u a l  grade y i e l d s  f o r  (a) b u t t ,
(b) second,  (c)  t h i r d  and (d) apparen t  average whole 
t r e e  grade y i e l d s  f o r  th ree  d i f f e r e n t  aged s tands .  
I n i t i a l  square spacings were 2.44 m, 2 .74  m and 2.44 m 
f o r  the 19, 23 and 30 year o l d  stands r e s p e c t i v e l y .  
Stands were un th inned  and the 19 and 23 year o ld  stands 
had been low pruned.
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Fig 4-19(d) A p p a r e n t  ave rage  who le  t r e e  g rade  y i e l d s .  111.
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e f f e c t  o f  the  s l i g h t l y  w id e r  spac ing caused by a g r e a t e r  d iameter  
o f  core  wood. A s i g n i f i c a n t  amount o f  Fl 1 grade (24%) was produced 
o n ly  f rom the 30 year o ld  b u t t  logs using machine g ra d in g .  B u t t  log 
y i e l d s  in the  F7 and h ig h e r  grades were 9%, 26% and 46% f o r  the 19,
23 and 30 year t re e s  r e s p e c t i v e l y  f o r  machine g rad ing  and 10%, 27% 
and 33% f o r  v i s u a l  g rad ing .  F5+ y i e l d s  were 46%, 64% and 79% f o r  
MSG and 22%, 47% and 56% f o r  v i s u a l  g rad in g  (e x c lu d in g  F5HI ) .
The second logs showed the same t rends  (e x c lu d in g  the 
23 yea r  o l d  group because o f  the  smal l  sample s i z e ) .  F7+ y i e l d s  f o r  
MSG were 35% f o r  the 19 year o ld  t r e e s  and 62% f o r  the  30 year .  
Cor respond ing  f i g u r e s  f o r  v i s u a l  g ra d in g  were 8% and 35%. F5+ y i e l d s  
were 72% and 100% f o r  MSG and 16% and 49% f o r  VG (no t  i n c l u d i n g  F5HI) .
The t h i r d  logs produced a s t ra ng e  r e s u l t  f o r  the 19 year 
o ld  s tand where a l l  m a t e r i a l  recovered was graded as F5+ f o r  MSG and 
F5H1 f o r  VG. T h is  was p o s s i b l y  due to  the  small  sample s i z e .  The 
30 year  age c la s s  produced l a r g e r  F8, F7+ and F5+ y i e l d s  than d id  the  
23 year o ld  t r e e s  using MSG and s m a l le r  y i e l d s  o f  F4 and r e j e c t .
V isu a l  g rad ing  however produced a la rg e  r e j e c t  y i e l d  f o r  the  30 year 
age c l a s s ;  an unusual r e s u l t  c o n s i d e r i n g  the e x c e l l e n t  y i e l d s  f rom 
machine g ra d in g .
In summary the  30 year  o ld  t r e e s  produced s i g n i f i c a n t l y  
b e t t e r  grade re c o v e r ie s  than d id  the  younger t r e e s  f o r  both v i s u a l  
and machine g ra d in g .  The t h i r d  lo g s ,  however,  produced some unusual 
r e s u l t s  p o s s i b l y  because o f  the  smal l  q u a n t i t y  o f  t im b e r  recovered .  
F5HI y i e l d  decreased as t r e e  age in c reased .  Th is  is  the  expected 
r e s u l t  because o l d e r  t re e s  would c o n ta in  a h ighe r  percen tage o f  mature 
t im be r  than do younger t r e e s  under the same management regime. Z obe l/  
R a ls to n  and Roberds (1965) r e p o r t  "a good p o s i t i v e  c u r v i l i n e a r
1 1 3 .
r e l a t i o n s h i p  between age o f  s tand and we igh ted  s p e c i f i c  g r a v i t y  
o f  whole t r e e s "  and "a s t ro n g  r e l a t i o n s h i p  between age o f  s tand 
and p r o p o r t i o n  o f  co re  wood to  o u te r  wood" f o r  s tands o f  l o b l o l l y  
p ine  in the Un i ted  S ta te s .
G e n e r a l l y ,  as age inc reased machine g ra d in g  produced 
s u p e r i o r  grade r e s u l t s ;  a l tho u gh  f o r  the  young t r e e s  w i t h  h igh  
percentages o f  j u v e n i l e  wood v i s u a l  g rad ing  produced f a r  less  volume 
in the  grades below F5 and F5HI than d id  machine g ra d in g .  F4 and 
r e j e c t  can p re sen t  m arke t ing  problems and are u s u a l l y  so ld  a t  p r i c e s  
w e l l  below t h a t  f o r  F5. In s e c t i o n  4 .5 .5  i t  was mentioned th a t  
a l l  the  p ieces  r e j e c t e d  by MSG were graded F5HI by the v i s u a l  ru le s  
and a l l  p ieces  r e j e c t e d  by the  v i s u a l  ru le s  were graded as F5 o r  F4 
by machine. Some p roducers  o f  r a d ia t a  p ine  s c a n t l i n g  are t a k in g  
advantage o f  t h i s  s i t u a t i o n  by machine g rad ing  a l l  the  p ieces and 
o n ly  mark ing those a t t a i n i n g  an F5 o r  h ig h e r  grade.  The p ieces below 
F5 ( i . e .  F4 and r e j e c t )  a re  then v i s u a l l y  graded and i f  they  meet 
the requ irements  are stamped F5HI.
Apparen t  average whole t r e e  grade y i e l d s  f o r  the  th re e  
age c lasses  are shown in F igu re  4 .19d .  There were ,  however,  unequal 
numbers o f  logs in each p o s i t i o n  c la s s  and as a r e s u l t  the y i e l d s  are 
no t  n e c e s s a r i l y  r e p r e s e n t a t i v e  o f  the  age c la s s e s .  They do, however,  
i n d i c a t e  t h a t  f o r  MSG the 30 year  o ld  t r e e s  produce a f a r  b e t t e r  
y i e l d  p a t t e r n  than the younger age c la s s e s .  I t  is  i n t e r e s t i n g  to  compan 
the  grade y i e l d s  f rom the  two g rad ing  systems e s p e c i a l l y  f o r  the 
30 year age c la s s  where MSG produced a more use fu l  d i s t r i b u t i o n  o f  
g ra d e s .
B ooth  (1969) r e p o r t s  a s i m i l a r  r e s u l t  f rom a machine 
g ra d in g  y i e l d  s tudy  o f  s tands o f  s l a s h ,  p a tu la  and l o b l o l l y  p ines  
o f  v a r io u s  age c lasses  f rom the n o r th  coas t  o f  New South Wales. The
timber in the study was separated Into F14, FIT, F7 and F4 stress 
grades. The results presented by Booth for each species are 
summarised below:
Loblolly pine:
1. Age 1 8 - 2 0  years, yielded
2. Age 26 years. yie1ded
Slash pine:
1. Age 1 8 - 2 0  years. yielded
2. Age 26 years. yie1ded
Patula pine:
1. Age 13 years. yielded
2. Age 18 years. yielded
3. Age 23 years. yielded
4. Age 37 years. yielded
9% F7, 29% F4 and 62% reject. 
6% F7, 28% F4 and 66% reject.
2% F7, 20% F4 and 78% reject. 
20% F7, 28% F4 and 52% reject.
9% F7, 36% F4 and 55% reject.
7% F7, 43% F4 and 50% reject.
26% F7, 52% Fk and 22% reject.
77% F7, 19% F4 and 4% reject (including 
4% FI4 and 19% Fl 1).
These results indicate that for slash pine and patula 
pine significantly better machine grade yields are achieved as the 
trees age. Grade yields were, however, similar for the two age 
classes in loblolly pine. No reason was given for this anomaly.
4.5.7 Comparison between logs with small branches and logs 
with large branches.
Logs from cpts. 73, 104 and 105 were separated on the 
basis of maximum branch size (BSMAX) and grade yields were calculated 
for two BSMAX groups for the butt and second logs. The butt logs 
were divided into two groups one group with BSMAX >32 mm and the other 
with BSMAX ^32 mm, for the second logs 40 mm was the comparable figure.
1 1 5 .
These branch s i z e s  were chosen because  they gave approx imate ly  equal  
numbers In each group.  R e s u l t s  a r e  given in Table  4 .38  and in 
Figure  4 . 20 .
For both log p o s i t i o n s  the  group wi t h  t he  l a r g e r  branches  
produced s ma l l e r  pe r c e n t a ge s  o f  Fl 1, F8 and F7 and l a r g e r p e r c e n t a g e s  
of  F5, F4 and r e j e c t  by MSG than did t he  group wi th  s ma l l e r  branches  
p o s s i b l y  because l a r g e r  branch s i z e s  could lower t he  t imber  s t i f f n e s s .  
Larger  branches  would be more l i k e l y  t o  occur  on l a r g e r  t r e e s  so t h a t  
a n o t he r  c o n t r i b u t i n g  f a c t o r  could be t he  small  l os s  of  s t i f f n e s s  due 
to  a s l i g h t l y  lower d e n s i t y  in t he  mature wood o f  the  l a r g e r  and,  
t h e r e f o r e ,  f a s t e r  growing t r e e s .  A s i g n i f i c a n t  n e g a t i v e  c o r r e l a t i o n  
was found to  e x i s t  between the  r i ng  width  and d e n s i t y  o f  t he  mature 
wood from t he s e  t r e e s  in a s e p a r a t e  s tudy  r epo r t e d  by Welsh (1979).
Visual  grad ing  a l s o  produced a l a r g e r  r e j e c t  y i e l d  in the  
group wi t h  l a r g e r  b ranches ,  but  on ly  f o r  the  b u t t  log.  Both groups 
produced about  the  same r e j e c t  y i e l d  fo r  t he  second logs .  There were 
s i m i l a r  y i e l d s  f o r  most of  the  o t h e r  v i s ua l  grades  f o r  both log 
p o s i t i o n s  wi t h  perhaps  the  logs wi t h  l a r g e s t  branch s i z e  producing 
s l i g h t l y  b e t t e r  grade y i e l d s .  Thi s  r e s u l t  i s  unexpec ted;  d e f e c t  
s i z e  should i n f l u e n c e  v i s ua l  grade  to a g r e a t e r  e x t e n t  than machine 
grade .  The l a r g e r  branch s i z e  l ogs ,  which were o f  l a r g e r  d i a me t e r ,  
were cu t  i n t o  l a r g e r  p i e ces  than t h e  s ma l l e r  branch s i z e  l ogs ,  (mean 
sedub o f  t he  two groups were 387 mm fo r  t he  >32 mm and 308 mm fo r  the  
<32 mm for  t he  b u t t  logs and 352 and 305 fo r  t he  second l og s ) .  Defect  
s i z e  has a s i g n i f i c a n t l y  d e c r ea s i ng  i n f l u e n c e  on grade  as s e c t i on  s i z e  
i nc r e a s e s  fo r  v i s ua l  gr ad ing  because  of  a d e c r ea s i ng  knot  a r ea  r a t i o  
(KAR) and the  de c r e a s i ng  l i k e l i h o o d  of  the  d e f e c t  being a margin kno t , '  
but  only a small  i n f l u en ce  on mechanical  grade (G rant, 1979).  The
1 1 6 .
TABLE 4.38
P ercen tage  y i e l d s  in the mechanical  and v i s u a l  grades  fo r  
b u t t  logs with  l a r g e s t  branch d iam ete r  g r e a t e r  than 32 mm or 
equal  to  or  l e s s  than 32 mm and f o r  second logs w i th  l a r g e s t  
branch  d iam ete r  g r e a t e r  than 40 mm o r  equal  to o r  l e s s  than 
40 mm. All logs recovered  from compartments 79, 104 and 105 
a r e  inc luded .
(a) Machine grading
LPC 8SMAX
(mm}
Wo. o £  
log& F11
M achine, g r a d e  p e r c e n ta g e  y t e l d  
F S  F7 F5 F4 R e j e c t
1 $32 9 32.5 27.3 22.2 9 .5 7.6 1.0
1 >32 12 17.0 25.2 12.7 32.4 11.3 1.4
2 $40 10 17.7 38.9 16.0 20 .4 6 .9 0
2 >40 8 14.8 25.4 11.1 39.8 8.9 0
Cb) Visual grading
LPC BSMAX Wo. o^ V is u a l  g r a d e  p e r c e n ta g e  y t e l d
[iron] logt> F11 FS FI F5 FSH1 R e j e c t
1 $ 3 2 9 24.1 19.1 16.5 14.1 17.7 8.6
1 > 32 12 23.7 25.4 13.1 16.8 6 .7 14.4
2 $ 40 10 10.9 32.0 13.8 23.7 10.3 9 .3
2 > 40 8 11.5 28.3 23.2 19.8 8.2 9 .0
(a) LOG POSITION CLASS 1
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FIGURE 4 .20.  Mechanical  and v i s u a l  grade y i e l d s  f o r  b u t t  logs 
w i t h  t h e i r  l a r g e s t  branch d iamete r  g re a te r  than 32 mm and less or  
equal to 32 mm and f o r  second logs w i t h  t h e i r  l a r g e s t  branch d iameter  
g re a te r  than 40 mm and less  o r  equal to  40 mm. Logs f rom c p t s .  79,
1n 4  a n d  1OG.
1 1 8 .
cores  o f  t he  logs were a l l  cut  i n t o  35 mm x 100 mm s i z e s  i r r e s p e c t i v e  
o f  log s i z e  and t h e r e f o r e  t h e s e  p i e c e s  would be expec t ed  to  be graded 
a t  a lower grade as  branch s i z e  i nc r e a s e d .  Thi s  was t he  case  a t  l e a s t  
fo r  t he  b u t t  logs where the r e j e c t  y i e l d  was 14% for  the l a rge  branch 
s i z e  group and 9% f o r  the  o t h e r .
In c o n c l us i on ,  the  logs  wi th  l a r g e r  branches  produced 
i n f e r i o r  MSG grades  fo r  the  b u t t  and second logs .  This  e f f e c t  however 
did not  appear  in the  v i sua l  r e s u l t s  excep t  f o r  a s l i g h t l y  g r e a t e r  
r e j e c t  y i e l d  from the  l a r g e r  branch s i z e  b u t t  logs (14%) compared to  
t he  y i e l d  from the s ma l l e r  branch s i z e  logs (9%). The r e s u l t s  fo r  
v i s ua l  g r ad ing  a r e  probably  a t t r i b u t a b l e  to t he  d i f f e r e n c e  in sawn 
s i z e s  fo r  the  two groups wi th  the  l a r g e r  branch s i z e  group being sawn 
i n t o  l a r g e r  s i z e s  than the o t h e r  group.
4 . 5 . 8  Comparison between logs w ith  sm all branches and logs  
w ith  large branches b u t w ith  the fo u r  la r g e s t  tr e e s  
exc lu d ed .
Because of  the f i n d i n g s  in s e c t i o n  4 . 5 .1  when grading  the 
250 mm and 300 mm p i e c e s  (v i sua l  g r ad i ng  upgraded the se  s i z e s  t o  Fl l  
and machine g r ad ing  downgraded them to F7 and F5) t he  b u t t  logs wi t h  
sedub >450 mm and second logs wi th  sedub >400 mm were removed from 
the y i e l d  r e s u l t s  given in s e c t i o n  4 . 5 . 7  (Table 4 . 3 8 ) .  The modi f i ed  
r e s u l t s  a r e  given in Table  4 .39 and Figure  4 . 21 .
The y i e l d  r e s u l t s  in Figure  4.21 show s i m i l a r  t r ends  to 
t hos e  in F igure  4 .20 except  t h a t  f o r  MSG the  d i f f e r e n c e s  between the  
y i e l d s  from the  two groups f o r  both logs  a r e  l e s s .  However the 
d i f f e r e n c e s  have been augmented fo r  the  VG y i e l d s  wi t h  t he  l a r g e r  
branch s i z e  logs producing s l i g h t l y  b e t t e r  grade y i e l d s  than t he  other* 
l ogs .
1 1 9 .
Exclus ion o f  the  l a r g e s t  t r e e s  probably  i n f l uenced  
the  o v e r a l l  r e s u l t  because some o f  t he se  t r e e s  a l s o  had very l a rge  
b r anche s .  El i mi na t i on  of  the  p i e c e s  cut  from t h e s e  logs would have 
a s s i s t e d  t he  grade y i e l d  p a t t e r n  to  some e x t e n t  and t h i s  is what 
appeared to  happen.
TABLE 4.39
Per cen t age  y i e l d s  in the  mechanical  and v i s ua l  grades  f o r  b u t t  logs
wi th largest branch diameter <greater than 32 mm and 1ess than or equal
to 32 mm and for second logs with largest branch diameter greater than
40 mm and less or equal to 40 mm. All logs recovered from cpts . 79,
104 and 105 are included except for trees with sedub greater than
450 mm at 4. 95 rn above ground (ie. Trees 1, 2, 9, 10) •
(a) M achine g ra d in g
LPC BSMAX Wo. oj$ Machine, gKade, peK cen lage  y i e l d
(mm) lo g .6 ¥11 ¥8 ¥7 ¥5 ¥4 R e je e l
1 *32 8 33.0 37.0 9.9 10.7 8.0 1.3
1 >32 9 27.1 28.5 15.0 16.0 11.8 1 .6
2 skQ 8 25.8 37.5 18.7 12.4 5.6 0
2 >40 6 18.7 37.5 13.8 27.2 2.7 0
(b ) V isu a l g ra d in g
LPC BSMAX Wo. 0 M achine gKade. peK cen lage  y i e l d
(mm) lo g 4 ¥11 ¥8 ¥7 ¥5 F5HI R e je e l
1 <32 8 1 7 . 0 14.8 15.8 18.3 22.1 11.9
1 >32 9 12.1 26.5 16.7 22.9 7.4 14.5
2 <40 8 5.6 37.4 5.5 24.0 15.2 12.3
2 >40 6 9.9 32.0 29.8 8.7 11 .2 8.4
(a) LOG POSITION CLASS 1 120.
MSG .—  VG
>32  mm (BSMAX)
(b) LOG POSITION CLASS 2
I—  M S G    «— VG —
< 4 0  >  40 mm (BSMAX)
FIGURE 4 .21 .  Data as in F igu re  4.20 but  w i t h  b u t t  logs w i t h  an sedub 
>450 mm and second logs w i t h  sedub >400 mm e l im i n a t e d .
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4.6 Meit dooK product vahuiA.
The calculation of total product value as a percentage
of log volume (TMV/m L and TVV/nrL) and total product value as a
3 3percentage of product volume (TMV/m P and TVV/nrrP) was described in 
section 3.16. Results for the various groups are presented by log 
position classes in both tabular and graphical form.
The graphs do not show the number of logs recovered in 
each group and reference must be made to the tables for this information 
Generally however if less than four logs were recovered then that group 
was not included in the graphs.
4.6.1 Compartment 79.
Product values are given in Table 4.40 and Figure 4.22. 
Machine grade value of the recovered timber (TMV/nrP) increased slightly 
with increasing log position class up to the fifth log. This reflected 
the trend towards a higher percentage of F7+ grade and a lower 
percentage of reject with increasing log position (Figure 4.10). A high 
yield of F4 and reject caused the low value for the sixth log.
TABLE 4.40
Mill door product values as a percentage of log volume and product 
volume for the various log position classes of compartment 79. Produc 
value includes all timber recovered.
LPC Vo. ojj 
log4
TMV/m3L Tl/t//m3L TMV/m3? Tl/l//m3'
1 10 48.04 -48.57
I l l / i ll
104.60 105.74
2 10 58.74 58.34 106.48 105.74
3 10 56.98 50.08 108.07 95.03
4 10 55.92 49.36 110.35 97.40
5 10 48.26 45.56 113.21 106.87
6 3 26.20 23.63 102.52 92.46
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FIGURE 4 .22 .  Log value/m of  p roduc t  and log value/m of
log fo r  v a r i ous  log p o s i t i o n  c l a s s e s  for
compartment 79.  The va lues  p l o t t e d  were determined 
from logs cut  from 10 t r e e s .  Product  value  was 
a s s e s se d  by both mechanical  (MV) and v i sua l  (W) g r ad i ng .
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V isua l  grade v a lue  o f  the  t im be r  (TVV/m^P) was the  same 
f o r  the  f i r s t  two logs (and rough ly  the  same as f o r  MSG) but  decreased 
s i g n i f i c a n t l y  f o r  the t h i r d  and f o u r t h  lo g s ,  r e f l e c t i n g  h igh  r e j e c t  
and low F7+ y i e l d s  f rom these  logs.  Low r e j e c t  y i e l d s  f o r  the  boards 
and s c a n t l i n g s  caused the  h ig h  v a lu e  f o r  the  f i f t h  lo gs .  The 
s i x t h  log v a lu e  was due to  a l a rg e  y i e l d  o f  r e j e c t  m a t e r i a l .
Sec t ion  4 . 5 . 1 .  g i v e s  an e x p la n a t i o n  f o r  the  r e l a t i v e l y  
poor y i e l d s  in the  h ig h e r  grades f o r  machine g rad ing  and the r e l a t i v e l y  
good y i e l d s  in the h ig h e r  grades f o r  v i s u a l  g rad ing  ob ta in ed  f rom the 
b u t t  and second logs .  In t h a t  s e c t i o n  some o f  the  l a r g e s t  logs were 
e l i m i n a t e d  t o  demonst ra te  the  e f f e c t  t h i s  would have on grade y i e l d s .  
The p roduc t  va lues  o f  these new groups were c a l c u l a t e d  and a re  g iven  
in Tab le  4 .4 1 .  The machine grade va lues  f o r  both  the  b u t t  and second 
logs were h ig h e r  than the  o r i g i n a l  va lues  because o f  the b e t t e r  grade 
y i e l d s  o b ta in e d  a f t e r  e l i m i n a t i o n  o f  the  l a r g e s t  l o g s .  The v i s u a l  
grade v a lu e  was lower f o r  the b u t t  logs because o f  i n f e r i o r  grade 
y i e l d s  a f t e r  e l i m i n a t i o n  o f  the  l a r g e s t  logs and s l i g h t l y  h ig h e r  f o r  
the  second logs .  (The v i s u a l  grade y i e l d s  were a c t u a l l y  s l i g h t l y  
b e t t e r  f o r  the  second logs a f t e r  the  l a r g e s t  logs were e l i m i n a t e d . )
TABLE 4.41
M i l l  door p roduc t  va lu es  as a percentage o f  log volume and p ro d u c t  
volume f o r  the f i r s t  two log p o s i t i o n  c la sses  o f  compartment  73 and 
the  m i l l  door p roduc t  va lues  a f t e r  e l i m i n a t i o n  o f  the  f o u r  l a r g e s t  
logs in each c la s s .  Product  va lue  inc ludes  a l l  t im b e r  recovered .
LVC No. 0 & 
lo g 4
T H V / m 3 L T V V / m 3 L T M V / m 3 ?
3
r i / l / /m3P
1 10 48.04 48.57 104.60 105.74
1 6 50.45 47.87 105.12 99.74
2 10 58.74 58.34 106.48 105.74
2 6 61.48 58.95 111.11 106.54
Second logs produced the highest values fo r  e i t h e r  grading 
method when log volume was used as a basis fo r  c a l c u l a t io n .  Waugh 
(1979b) a lso found that second logs produced the highest values per
cubic metre of  log fo r  stands of rad ia ta  pine in V i c t o r i a .
•2 3
TMV/m L and TVV/m L fol lowed the same general trends 
with the TVV/nrL ge n era l ly  having lower values.  The butt  log had 
lower values than the second, t h i r d  and four th  logs possibly due to  
the lower recovery from the but t  log.  The general decrease in values  
a f t e r  log 2 is a lso  due to some extent to decreasing percentage 
recoveries  as log s ize  decreased.
F ig u re  4.23 shows the  mean cu m u la t i v e  percentage 
c o n t r i b u t i o n  t o  m i l l  door v a lue  o f  the  v a r io u s  log p o s i t i o n  c lasses  f o r  
the  ten t r e e s  sampled f rom c p t .  79.  The b u t t  log c o n t r i b u t e s  about  
30% to  t o t a l  v a lu e  the  f i r s t  two logs about  56%, the  f i r s t  th re e  about  
76% and the  f i r s t  f o u r  logs 90% o f  the  t r e e s  t o t a l  recovered va lu e .
A l i n e a r  r e l a t i o n s h i p  was found t o  e x i s t  between the  va lue  
o f  the  t im be r  recovered  f rom each o f  the  ten t r e e s  and t r e e  d iamete r  
under bark a t  5 m above ground le v e l  f o r  both  g ra d in g  methods.  These 
r e l a t i o n s h i p s  a re  shown in F ig u re  4 .2 4 .
4 .6 .2  Compartments 104 3 1 0 5 - 3  s i t e  q u a l i t ie s .
Produc t  va lues  f o r  the  v a r io u s  log p o s i t i o n s  f o r  the  th re e  
s i t e  q u a l i t i e s  a re  g iven  in Tab le  4 .42 and F ig u re  4 .25 .  Trends f o r  
a l l  f o u r  va lues  ( i . e .  TMV/m3P, TMV/m3L, TVV/m3P, TVV/m3L) were s i m i l a r  
as log p o s i t i o n  c l a s s  in c reased ,  the  h ig h e s t  v a lue  g e n e r a l l y  being
3
produced by the second logs wi th  the exception of the TMV/m P and 
TVV/m3P values f o r  the second logs from the low s i t e  q u a l i t y  area.
Th is  was due t o  a l a rg e  r e j e c t  y i e l d  f o r  VG and a l a rg e  F4 y i e l d  f o r
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FIGURE 4.23.  Mean cumula t i ve  pe r ce n t age  c o n t r i b u t i o n  to  t r e e  mi l l  
door va lue  as a s s e s se d  by mechanical  grad ing  of  t h e  
' v a r i ous  log p o s i t i o n  c l a s s e s  fo r  the 10 t r e e s  from
compartment  79.
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* *  S i g n i f i c a n t  a t  \ % l e v e l .
1 2 7 .
The highest site quality area produced slightly higher 
values for most log positions based on product volume (TMV/m^P and 
TVV/m P), probably due to the effect of a larger percentage of 
juvenile wood in the smaller logs from the lower site quality areas 
(section 4.5.2).
TABLE 4.42
Mill door product values as a percentage of log volume and product 
volume for the various log position classes of the three site 
quality areas of compartments 104 and 105. Product value includes 
all timber recovered.
SQ. LPC Wo. oh 
log4
T M V / m 3 L T V V / m 3 L T H V / m 3 ?
,m3 .
T V V / m 3 ?
1 1 10 54.55 50.84 112.12 104.51
2 10 59.77 56.92 118.41 112.76
3 3 57.97 53.87 113.80 105.76
4 4 40.74 35.86 110.04 36.84
2 1 6 50.10 46.15 106.16 97.79
2 8 58.89 55.90 115.62 103.75
3 4 57.89 50.26 113.96 38.34
4 4 43.73 39.96 103.45 94.56
3 1 9 48.33 45.04 108.31 100.33
2 6 ,58.13 50.66 103.03 95.03
3 4 52.54 50.56 111.70 107.50
4 3 53.30 49.36 103.85 101.74
Results for the values based on log volume show that 
generally value increased slightly with increasing SQ. Contributing to 
this would have been the effect of the increasing percentage of 
juvenile wood as SQ decreased as well the lower recoveries from the 
smaller logs from the lower site qualities (discussed in section 4.3).
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To summarize, the high site quality area generally 
produced slightly higher values than the lower quality areas 
probably because of the larger log sizes. There was, however, little 
difference between the values for the three SQ's for most log 
positions.
Second logs generally produced the highest values on both 
log volume and produce volume bases.
4.6.3 Compartment 139 - four initial spacings.
Product values are given in Table 4.43 and Figure 4.26
for the four initial spacings. Section 4.5.3 showed the best grade
recoveries for the first two logs were achieved by the closer spacings;
the wider spacings were superior for the third logs. The values based
on produce volume (TMV/nrP and TVV/nrP) in Figure 4.26 shew the 2.44 m
spacing produced the most valuable timber from the second logs; the
wider spacings produced timber of higher value for the third logs.
Unfortunately, the number of butt logs recovered from the wider
spacings was really too small for any conclusions to be drawn. Also
the 1.83 m spacing was down graded in value terms by excessive twist
in some of the pieces recovered from the second and third log positions;
therefore the values would not be representative of the true value of
the timber from that spacing if twist could be eliminated. (Section 4.5.3
3 3Values based on log volume (TMV/nrL and TVV/nrL) show that 
there was no discernable difference between the values for the wider 
spacings except for the third logs where the wider spacings produced 
higher values. This result would no doubt be due to log size effects 
i.e. an increasing percentage of juvenile wood and lower recoveries as- 
diameter decreases. The low overall values for the 1.83 m spacing would 
be mostly due to the generally lower overall timber recoveries from the 
small logs produced from that spacing.
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Second logs produced the  h ig h e s t  va lues  based on log
vo lum es.
TABLE 4.43
M i l l  door p roduc t va lu e s  as a percen tage  o f  log volume and p roduc t
volume f o r  the v a r io u s  log p o s i t i o n c lasses  o f the  f o u r spacings
in compartment 139. Product  va lue in c ludes  a l l  t im b e r recovered
Squ/Viz Spacing LPC No. ofi TMl//m3 L T W / m 3 L TW /m 3P T(/l//m3P
(m) log4 'm3........U J  u v U O /
1.83 1 6 37.^5 36.43 106.70 103.79
2 5 38.39 37.18 98.52 95.42
3 4 29.14 27.21 96.78 90.34
2.44 1 6 46.62 46.14 107.54 106.42
2 5 53.75 51.07 117.76 111.88
3 4 47.13 38.33 100.03 81.36
4 3 34.36 28.05 99.54 81.27
3.05 1 2 42.43 42.33 111.48 111.23
2 6 55.57 47.97 111.46 96.22
3
4
5
1
49.18 45.42 109.01 100.68
3.66 1 3 44.62 44.91 108.29 108.97
2 5 52.07 49.53 102.09 97.12
3 7 52.33 48.40 111.78 103.40
4 2 44.65 43.25 94.19 91.24
4 .6 .4  Compartments 149 and 162a.
Product  va lues  are  g iven in Table  4.44  and F ig u re  4.27 
f o r  these two compar tments . Compartment 149 produced s l i g h t l y  h ighe r  
va lu es  by v i s u a l  g rad in g  than by machine g rad ing  f o r  log p o s i t i o n  c lasses  
1 and 3. The second logs cou ld  not  be p r o p e r l y  eva lua ted  f o r  t h i s  
compartment  because o f  smal l  sample s i z e .
(a) CPT. 149 (b) CPT. 162a
13 2 .
120i
100- TW/rr^P - 
TMV/m3P
80H
HE
\
LU
3  60-<>
oo
40-
J V V /rrfL
*TMV/m3L
20J
2
LPC
1 2 3
LPC
3 3FIGURE 4 .27 .  Log va lue  /m o f  p roduc t  and log  va lue  /m o f  
log f o r  the v a r io u s  log p o s i t i o n  c lasses  o f  
compartments 149 and 162a. The va lues  were determined 
f rom between 5 and 8 logs per  s t ra tu m  and were assessed 
by bo th  mechanical and v i s u a l  g ra d in g .
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TABLE 4.44
Mill door product values as a percentage of log volume and product 
volume for the various log position classes of compartment 149 and 
compartment 162a. Product value includes all timber recovered.
LPC Mo. ofi 
log4
TMl//m3L TVV/m3L lW/m3P mI/m3?
1 8
(a) Cpt. 
39.31
149.
42.02
/m
9 6 . 7 9 103.46
2 3 3 1 . 8 5 31.55 93.13 92.27
3 7 41.09 4 3 . 7 4 92.70 98.69
1 5
(b) Cpt. 
37.94
162a.
40.41 9 4 . 1 3 100.28
2 5 46.15 4 5 . 5 2 102.87 101.47
3 5 29.92 29.51 9 4 . 5 3 93.25
Compartment 162a produced similar values by both grading 
systems for log position classes two and three but slightly higher values 
by visual grading for the butt logs when compared to the values by 
machine grading.
Visual grading therefore appears slightly more profitable 
for these younger trees since many of the pieces graded F4 or reject by 
machine, because of low stiffness, were visually graded F5H1 (Appendix E 
contains the full grading data for all recovered pieces). This has also 
been observed by Anton (1979).
The low values (TMV/m\ and TVV/m\) for the third logs from 
compartment 162a were no doubt due to low recoveries from the very small 
logs from that log position class. The second logs from cpt. 162a 
produced higher values than either of the other log positions on both 
log volume and product volume bases thus following the same general 
trend observed for most of the other compartments.
134.
4.6.5 Comparison between three age classes.
Compartments 162a, 149 and the 2.44 m x 2.44 m spacing 
in cpt. 139 were all unthinned, low pruned (except cpt. 139) and had 
similar initial spacings (cpt.149 was planted at 2.75 m x 2.75 m, the 
others at 2.44 m x 2.44 m). Product values for these three compartments 
are given in Tables 4.43 and 4.44 and are shown together in Figure 4.28.
The machine grading results show an increase in both 
3 3product value (TMV/nrP) and low value (TMV/nrl) as age increases.
3
Actual percentage increases in TMV/m P as age increased from 19 to 
30 years was 14%, 14% and 6% for the butt, second and third logs 
respectively. There were however generally only small differences 
between the product values for the 19 and 23 year old trees. Similar 
trends were also found for the machine grade values based on log volume 
(TMV/m3L).
Visual grading also resulted in higher values for the 
30 year old trees for the butt and second logs. The third logs 
produced lower values for the 30 year old trees than did the other age 
classes. This was due to an unusually high percentage of reject (49%) 
possibly because of the small quantity of timber recovered.
Figure 4.28 shows also that the second logs produced the 
most valuable timber for both the 19 and 30 year age classes.
4.6.6 The relationship between value /m of log volume and
log sedub.
Regression analyses were carried out for machine grade 
values /m3 of log volume (MV/m3L) on log sedub for all logs from trees 
23 years and older. The 19 year old trees were excluded because they pro 
duced particularly small logs and were not representative of a large 
percentage of the other logs. Various equations were fitted to the 
data but polynomials gave the best fit. Regressions were performed
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firstly with all logs included (equation 4.3) and then with butt logs 
excluded (equation 4.4). These relationships are plotted in Figure 
4.29.
MV/m3L = 7.098 + 0.2544x - 2.716 x lo“4 x2 - 1.622 x lo"7 x3...... 4.3
MV/m3L = 0.1356 + 0.3287x - 4.565 x 10~^ x2 - 8.275 x lo'9 x3..... 4.4
where x is the log small end diameter under bark
and for 4.3 N = 215, r = 0.55 
4.4 N = 155, r = 0.63
The shape of the curves is typical for this type of data 
except perhaps for the drop as diameter increases above 350 mm.
Humphreys (1970) reports a steadily increasing mill door log value as 
diameter increases above 400 mm and he states that this holds for 
all species and for all present sawing methods. However, Waugh (1979a) 
found a relationship similar to Figure 4.29 in a study of the economics 
of sawing regrowth eucalypts.
3
One explanation for the drop in MV/m L as sedub increases 
above 350 mm would be that lower percentage recoveries were obtained 
from the larger logs (section 4.3). Another factor contributing to 
this drop would be the fairly poor grade yields obtained from the larger 
section sizes cut from the largest logs (section 4.5.1).
4.6.7 Relationships between (1) log value and log sedub and 
(2) between volume of timber recovered and log sedub.
4.6.7.1 Relationship between log value and log sedub for 
compartments 79, 104, 105, 139 and 149 combined.
Regressions of log value on log sedub for both MSG and VG
values were carried out for combined data from compartments 79, 104, 105,
139 and 149 using various non linear models. Polynomials were found to
provide the best fit. The relationships are given in Equations 4.5
and 4.6 for MSG value and VG value respectively. These equations are
1 3 7 .
Butt Logs Excluded
0 100 200 300 400 500 600
LOG SEDUBfmm)
3
FIGURE 4 .29 .  Regression o f  v a lue  /m o f  log  volume on log smal l  
end d iam ete r  under bark f o r  a l l  logs e x c lu d in g  b u t t  
logs and f o r  a l l  logs f rom compartments 79, 104, 105, 139 
and 149. Value was assessed by machine g ra d in g .
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a r e  drawn in Figure  4 .30.
Log v a l ue  (MSG) = 5.42 - 8.84 x 10~2x + 6.09 x l o ' ^ x 2 -  4.41 x 10~7x3
where x is t he  log sedub,  N = 215 and r = 0 . 98 .
4.5
Log v a l u e  (VG) = 2.99 -  4 .80 x 10"2x + 4 .00 x l O ' V  - 1.59 x 10‘ 7x3
....................... 4.6
Where x is the log sedub,  N = 215,  r = 0 . 96 .
Equat ions  4.5 and 4.6  a r e  a lmos t  i d e n t i c a l ,  wi t h  MSG 
g e n e r a l l y  g i v i ng  the h i g h e r  v a l ue s  excep t  f o r  t he  logs  wi th d i amete r s  
g r e a t e r  than 500 mm and l e s s  than 175 mm. The s l i g h t l y  lower va l ues  
found fo r  the  l a r g e r  logs by MSG were a r e s u l t  of  the  sawing of  l a r g e r  
than normal s i z e s  from them ( s e c t i o n  4 . 5 . 1 ) .  In p r a c t i c e ,  t h e  v i sua l  
grade  v a l u e s  would be a c t u a l l y  lower than the  machine g r a d e v a l u e s  
for  the l a rg e  logs when sawing s e c t i o n s  normal ly  in demand in the  
market  p l a c e  ( s e c t i o n  4 . 6 . 1 ) .  The i d e n t i c a l  (MSG and VG) va l ue s  for  
t he  small  logs i s  due to  the  e f f e c t  of  machine g r ad ing  j u v e n i l e  wood 
us ing a g r ad i ng  program (Appendix B) des igned fo r  mature wood. This  
p r a c t i c e  p l a ces  machine g r ad ing  a t  a d i s advan t age  r e l a t i v e  t o  v i sua l  
grad ing  ( s e c t i o n  4 . 6 . 4 ) .
4 . 6 . 7 . 2  R e l a t i o n s h i p s  between (1) log  v a l u e  and log  sedub and 
(2) between volume of  t imber  r ec o v e r e d  and l og  sedub 
f o r  compartment  79.
The polynomial  model was found to g ive  t he  b e s t  f i t  f o r  
both r e l a t i o n s h i p s  cons i de re d  he re .  The r e g r e s s i o n  of  log v a l ue  (MSG) 
on log sedub fo r  da t a  from compartment  79 is  given in Equat ion 4 . 7 .  The 
r e g r e s s i o n  of  volume of  t imber  recovered  on log sedub for  compartment  
79 da t a  was given p r e v i o us l y  in s e c t i o n  4 . 3  as Equat ion 4 . 1 .  Equat ion 
4.1 and 4 . 7  a r e  drawn in F igure  4 .31.
LO
G
 
VA
LU
E 
(u
ni
ts
) 
-n
 
LO
G
 
V
A
LU
E
 (
un
it
s)
80
139.
0 100 2 00 300 400 500 600
LOG S E D U B (m m )
4 .3 0 .  Regression o f  log va lue  as assessed by mechanical  and
v i s u a l  g rad fng  on log smal l  end d iam ete r  under bark  f o r  
215 logs f rom compartments 79, 104, 105, 139 and 149.
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FIGURE 4.31* Regressions o f  log va lue  as assessed by mechanical
g rad ing  on log smal l  end d iamete r  under bark (sedub) 
and o f  a c tua l  volume o f  t im be r  recovered on leg sedub. 
Logs were f rom compartment  79 and were 4.95 m long.
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Log va lue  (MSG) = 10.73 -  0.1262x + 7.09 x 10"^x2 - 5.29 x 10~7x3
4.7
where x is  log sedub,  N = 54 and R = 0.98.
The similari ty between the two curves in Figure 4.31 is
i n t e r e s t i n g  because i t  shows t h a t  for  any p a r t i c u l a r  log s i z e  the
expected value  of the t imber recovered from tha t  log s i z e  is only
s l i g h t l y  above the  value c a l c u l a t e d  by mul t i p l y ing  the volume recovered
3
in m by 100. In f ac t  the expected log value (MSG) can be c a l c u l a t e d  
q u i t e  a c c u r a t e l y  for  most log s i z e s ,  say between 250 mm and 450 mm, 
by mu l t i p l y i ng  the  average volume recovered in m3 by somewhere between 
105 and 110. In o the r  words the average MSG v a l u e / u n i t  volume of 
t imber in the logs was somewhere between the v a l u e / u n i t  volume of  t he  
F5 and F7 grades .  This r e s u l t  i s  s i m i l a r  to t h a t  repor ted  by Buiok  
(1969) (mentioned in s ec t i on  3.2)  where some 34 year  old t r e e s  produced 
a mean s t r e s s  grade of about  F7.
_ 7
4.7 The e f f e c t  o f  branch s i z e  on log  va lue  /  m o f  product.
The data  r e l a t i n g  log sedub,  branch s i z e  and log va lue  /m3 
of  product  (MV/m3P and VV/m3P) were analysed using the GLSAP package 
( sec t i on  4.2)  as fol lows:
■3
1. Linear  r eg re s s i ons  of  log value  /m product  (both MSG and VG) on
sedub,  BN, BSMAX, B$tT, BSTÖ, BSl5 and OS.
3
2. Mul t i p l e  r eg r e ss ions  of  log value  /m product  on sedub and BN, 
sedub and BSMAX, sedub and BS5, sedub and BS10, sedub and BS15, sedub 
and BS.
3. Res idua l s  of  a l l  s i g n i f i c a n t  r eg r e s s ions  were analysed and in no 
case was t h e r e  any l i n e a r  t rend in the r e s idua l  va lues .
For these  ana lyses  the data  were divided in to  two groups - 
one included the 36 and 38 year  c l a s s e s  ( cp t s .  79, 104, 105) because 
of s i m i l a r  s i l v i c u l t u r a l  t r ea tment  and the o t he r  the 23 and 30 year  class«
(cpts. 139, 149). These latter age classes were combined because 
the 23 year old trees were of similar size to some of the trees from 
the 30 year old stand (Figure 4.1). The 19 year age class was 
excluded because of the relatively small size of the trees. Each log 
position class was analysed separately.
3
4.7.1 The relationship between log value /m of product and 
log sedub.
No significant linear relationship was found to exist 
3 3between MV/m P and sedub or between VV/m P and sedub in either the 
36+38 year age group or the 23+30 year group for any log position class, 
indicating that for any log position and tree age class log size does 
not affect timber value. This result however can be different when 
branch size is included in the regression; this will be discussed in 
section 4.7.6.
One would expect the smaller logs in any particular log 
position class and age group would have a larger percentage of juvenile 
wood and therefore be of lower value. It seems, however, this is not the 
case and that the tendency towards larger branch size in the larger 
logs (section 4.2.3) may compensate for the smaller percentage of 
corewood in these logs.
3
4.7.2 The relationship between log value /m of product and 
the number of branches per log.
No significant linear relationship was found between 
•2 -2MV/rTTP or VV/nrP and number of branches. Branch number does not appear 
to affect timber value for either age group for any log position.
3
4.7.3 The relationship between log value /m of product and mean 
branch size per log.
No significant linear relationship was found between 
MV/m^P or VV/m^P and BS\ IT did not influence timber value for either
142 .
age group fo r  any log p o s i t i o n .
34 . 7 . 4  The r e la t io n s h ip s  between log value /m o f  product and 
maximum branch s i z e  fo r  the  23-30 year age group.
No s i g n i f i c a n t  l i n e a r  r e l a t i o n s h i p s  could be found between 
M V / m o r  VV/m^P and maximum branch s i z e  ( i e .  BSMAX, BS5, BS10 and BS15) 
f o r  any o f  t he  log p o s i t i o n  c l a s s e s  in the  23”30 yea r  age group.  Branch 
s i z e  da t a  were p l o t t e d  a g a i n s t  t imber  va l ue  fo r  the  va r i o u s  log p o s i t i o n  
c l a s s e s  fo r  t h i s  age group and no non l i n e a r  t r en d s  appeared t o  e x i s t  
for  any da t a  group.
The maximum branch s i z e  would be expec t ed  to  have some 
i n f l u e n c e  on t i mber  va l ue  b u t ,  in t h i s  c a s e ,  because  t h e  s t a n d s  were 
un t h i nned ,  t he  log s i z e s  were small  and branch s i z e  was,  pe rhaps ,  
r e s t r i c t e d  enough t h a t  e f f e c t s  on t imber  grade  were minimal .
Lower v a l u e s  of  some l ogs ,  through e x c e s s i v e  t w i s t  in the 
sawn t i mb e r ,  may a l s o  have a f f e c t e d  t h i s  r e s u l t ;  most of  t he  t w i s t e d  
t imber  came from t h e  s ma l l e r  logs from the  1.83 m spac ing  of  c p t .  139.
4 . 7 . 5  The r e la t io n s h ip s  between log  value /m o f  p roduct and
maximum branch s i z e  fo r  the 36 -  38 year age group.
3
S i g n i f i c a n t  l i near  r e l a t i o n s h i p s  were found between MV/m P
and most maximum branch  s i z e  parameter s  ( i e .  BSMAX, BS5, BS10, BS15)
3
f o r  the  f i r s t  f our  log p o s i t i o n  c l a s s e s  and between VV/m P and most 
pa r ameter s  fo r  t he  f i r s t ,  t h i r d  and f o u r t h  log p o s i t i o n s .
R e s u l t s  a r e  given in Tables  4.45 and 4.46 fo r  MSG and VG 
r e s p e c t i v e l y ;  some of  the r e l a t i o n s h i p s  a r e  p l o t t e d  in F igures  4.32 and
4.33 .
For any maximum branch s i z e  i n d i c a t o r ,  s l ope  appeared to 
dec r e a se  as  log p o s i t i o n  c l a s s  i n c r e a s ed .  For example fo r  t he  r egres s io r  
of  MV/m3P on BST5\ s l o p e s  were - 0 .899 ,  - 0 . 654 ,  - 0 .440  and 0.418 for  the 
f i r s t ,  second,  t h i r d  and f o u r t h  logs r e s p e c t i v e l y .  There was l i t t l e
1 4 3 .
d i f f e r e n c e  between the c o r r e l a t i o n  c o e f f i c i e n t s  w i t h i n  each log 
p o s i t i o n  c la s s  f o r  both  systems o f  g ra d in g ,  w i t h  perhaps a s l i g h t  
p re fe re n ce  f o r  BSMAX and BS5 f o r  MSG and BS5 f o r  v i s u a l  g r a d in g .
TABLE 4.45
Regression c o e f f i c i e n t s  f o r  the r e l a t i o n s h i p s  between log va lue  
/ n r  p roduc t  ( va lu e  assessed by mechanical g rad ing )  and branch s iz e  
f o r  compartments 7 9 , 104 and 105 f o r  the v a r io u s  log p o s i t i o n  
c l a s s e s .
LPC Jnde.pe.nde.nl
Uanlable.
Ve.pe.nde.nl 
l/anlable.
M V / m 3 P
Slope. ConAlanl
le/un
R W o .
06
lo g 4
Sign  
la v  e l
1 BSMAX -0.771 134.85 0 . 5 8 21 n
BS5 11 -0 .910 1 3 5 . 0 8 0.54 21 IX
BS10 11 -0 .899 131.67 0.47 20 k%
BS15 11 -1.041 132.89 0 . 5 6 14 b X
2 BSMAX M V / m 3 P -0 .438 1 2 8 . 6 1 0.52 18 3%
BS5" 11 -0.481 1 2 7 . 8 0 0.48 18 5%
BS10 11 -0 .654 1 3 1 . 9 8 0.51 17 b %
BS 1 5 11 - 0 . 8 3 8 1 3 5 . 6 6 0.54 17 3X
3 BSMAX M V / m 3 P -0 .223 122.45 0.46 14 NS
BS5- 11 -0 .369 1 2 6 . 9 8 0.55 14 S X
BS 10 i i -0 .440 1 2 7 . 7 6 0.53 14 5%
BS15 11 -0 .498 127.99 0 .52 14 e x
4 BSMAX M V / m 3 P -0 .293 1 2 7 . 6 8 0 . 6 2 15 IX
BS5T 11 - 0 . 3 8 2 129.37 0.63 15 IX
BS 10 11 -0 .418 1 2 8 . 8 2 0 . 6 0 15 IX
bsT T 11 -0 .429 127.70 0.57 15 3X
5 No s i g n i f i c a n t  r e l a t i o n s h i p s  found.
1 4 4 .
TABLE 4.46
Regress ion  c o e f f i c i e n t s  f o r  the  r e l a t i o n s h i p s  between log v a lu e  
/m3 p ro du c t  (va lue  assessed by v i s u a l  g ra d in g )  and branch s i z e  
f o r  compartments 79, 104 and 105 f o r  the  v a r io u s  log p o s i t i o n  
c l a s s e s .
LP C lYLdzpQJ/ldZYVt
Vatilable.
Ve,pe.ndeivt 
1JcvuMhti
Slope. C O Y lA tcw l
te A m
R W o .  0 ^ 
log4
Sign
leveZ
1 BSMAX V V / m 3 P -0 .715 127.66 0.47 21 k %
BS5* 11 -0 .999 132.39 0.52 21 1 %
BS10 11 -0 .909 125.87 0.43 20 e x
BS15 11 -1 .225 131.84 0.56 14 k X
2 No s i g n i f i c a n t  r e l a t i o n s h i p s  found.
3 BSMAX V V / m 3 P -0.441 123.42 0.60 14 3 X
b s T 11 - 0 .636 128.34 0.62 14 2 X
BS10 11 - 0.778 130.42 0.61 14 I X
BS15 11 -0 .915 131.98 0.62 14 2 X
4 BSMAX V V / m 3 P - O . 3 I 1 1 16.98 0.42 15 NS
BS5" 11 -0 .533 124.75 0 .55 15 4 %
BS10 11 -O .632 126.04 0.57 15 3 X
BS15 11 -0 .692 126.05 0.57 15
5 No s i g n i f i c a n t  r e l a t i o n s h i p s  found.
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FIGURE 4 .3 2 .  Regress ions o f  log va lu e  /m o f  p ro du c t  on branch 
s i z e  f o r  v a r i o u s  log p o s i t i o n  c la s s e s .  P roduct  
va lue  was assessed by machine g rad ing  and logs 
were f rom compartments 79, 104 and 105.
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FIGURE 4 . 3 3 .  Regressions of log value /m of product on branch
s i z e  f o r  v a r io u s  log p o s i t i o n  c la s s e s .  Product  va lue  
was assessed by v i s u a l  g rad ing  and logs were f rom 
compartments 79, 104 and 105.
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These r e s u l t s  I n d i c a t e  t h a t  branch s i z e  has most e f f e c t  on t im b e r  
v a lue  In the  b u t t  log and is  o f  decreas ing  importance w i t h  i n c re a s in g  
log p o s i t i o n  c l a s s .  For example a BSMAX increase  f rom 20 mm t o  50 mm
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in the  b u t t  log would decrease MV/rrrP by about  20% whereas f o r  the 
second log such an inc rease  would r e s u l t  in o n l y  an 11% decrease.
C o n t r i b u t i n g  to  t h i s  r e s u l t  was the f a i r l y  h igh  percentage 
o f  volume below F5 (MSG) in the b u t t  logs w i t h  la rg e  branches ( rep o r ted  
in s e c t i o n  4 . 5 . 7 ) .  Th is  d id  not  occur  to  such an e x te n t  in the  second 
logs .  The v i s u a l  g ra d in g  produced a much l a r g e r  r e j e c t  y i e l d  f rom the 
b u t t  logs w i t h  l a rg e  branches when compared to  the logs w i t h  s m a l le r  
branches.  Th is  e f f e c t  d id  no t  occur in the  second logs and indeed 
the l a r g e r  branch s i z e  logs produced a g e n e r a l l y  b e t t e r  grade r e s u l t  
than d id  the logs w i t h  s m a l le r  b ranches;  p o s s i b l y  the  reason t h a t  
no r e l a t i o n s h i p  cou ld  be found between VV/m P and maximum branch s iz e  
f o r  the second lo g s .  Ano ther f a c t o r  could  be the  o b s e rv a t i o n  made by 
F en ton_, S u tto n  ccnd T u s t in  (1971) t h a t  in the f o u r t h  and f i f t h  logs 
branch d iam ete r  was w e l l  above the maximum knot  s i z e  recorded in the 
sawn t im b e r ,  the logs  being too  smal l  in d iameter  t o  have con ta ined  
the  maximum branch s i z e .  Knots o f  maximum branch s i z e  cou ld  have 
been removed in the  s la b s .  The log s i z e  may a l s o  be a c o n t r i b u t i n g  
f a c t o r ;  w i t h  the  s m a l l e r ,  younger t r e e s  o f  the 23 and 30 year  group 
no r e l a t i o n s h i p s  were found between t im be r  va lue  and branch s iz e  
( s e c t i o n  4 . 7 . 4 ) ;  the  upper logs o f  the o l d e r  t re e s  would be about  the 
same s iz e  and age as the  younger t r e e s .
For any p a r t i c u l a r  maximum branch s i z e ,  as log p o s i t i o n  
inc reases  t im ber  v a lu e  inc reases  ( F ig u re  4 .32 and 4 .33)  to  some e x te n t  
because o f  the  i n c r e a s in g  c o n t r i b u t i o n  to  o v e r a l l  log v a lue  o f  
i n c re a s in g  y i e l d s  o f  h igh  grade board s to c k  as log p o s i t i o n  c la ss  
inc reases  ( s e c t i o n  4 . 4 ) .
148.
34.7.6 The relationship between log value /m of product and 
the oombination of log size and branoh size.
Section 4.7.5 described relationships between timber value 
and certain branch size parameters. Most of these relationships were 
not improved significantly when log diameter was introduced into the 
regressions as another factor. There were however significant 
improvements in some of the relationships. These were for LPC1 
(visual grading values) and for LPC2 (MSG values). No improvements 
were found for LPC 3 and 4. The multiple regression equations showing 
better correlations are given in Equations 4.8 to 4.14. Equations 
4.8, 4.12 and 4.13 are plotted in Figure 4.34 for the range of log 
sizes occurring naturally within each log position class.
LPC 1 VV/m3P = 0.0850 x sedub - 1.277 x BSMAX + 116.71 ..........4.8
where r = 0.68, N = 21, sign at \% level.
VV/m3P = 0.0773 x sedub - 1.582 x BS5 + 121.95 ............4.9
where r = 0.70, N = 21, sign at level.
VV/m3P = 0.0659 x sedub - 1.505 x BS10 + 118.02  4.10
where r = 0.58, N = 21, sign at 3% level.
VV/m3P = 0.0607 x sedub - 1.776 x BSlT + 123.4 ............4.11
where r = 0.65, N = 14, sign at 5% level.
MV/m3P = 0.01903 x sedub - 0.897 x BSMAX + 132.4 ......... 4.12
where r = 0.59, N = 21, sign at 2% level.
This multiple regression was highly significant. 
However, there was no significant improvement over the simple 
regression presented in Table 4.45.
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LPC2 MV/m P = -0 .0464  x sedub -  0.303 x BSMAX + 138.1 ...................4 . 13
where r = 0 .6 1 ,  N = 18, s ign  a t  3% l e v e l .
3 ___
MV/nrP = -0 .0492  x sedub -0 .313  x BS5 + 137.8 ............................ 14.4
where r = 0 .5 9 ,  N = 18, s ign  a t  4% l e v e l .
LPC3 S LPC4 -  No improvements found.
As shown in F ig u re  4 .34a log va lu e  (VG)/m^ o f  p roduc t  
(VV/m P) f o r  the b u t t  logs increased w i t h  i n c re a s in g  log s i z e  f o r  a 
p a r t i c u l a r  maximum branch s i z e  (BSMAX). For example f o r  a BSMAX o f  
40 mm a 200 mm log would have a va lu e  o f  about  90 u n i t s /m ^  and a 500 mm 
log 113 u n i t s /m ^  (a 26% in c re a s e ) .
The l a r g e r  logs were g e n e r a l l y  sawn i n t o  l a r g e r  s c a n t l i n g  
s e c t i o n s  (F igu re  3 .1 )  so the d e fe c ts  due t o  a p a r t i c u l a r  branch s i z e  
would have less  o f  a downgrading e f f e c t  on the l a r g e r  s e c t i o n s .  (Th is  
aspect  was a l s o  d iscussed  in s e c t i o n  4 .5 . 7 )  and g r e a t e r  y i e l d s  o f  the  
h ig h e r  grades would be expected from the  l a r g e r  logs .  (V isu a l  g ra d in g  
r u l e s  r e l a t e  d e f e c t  s i z e  and p o s i t i o n  to  t im be r  t h i c k n e s s  and w id t h  
to  dete rm ine  g ra d e . )  T h is  r e s u l t  cou ld  a l s o  be the  r e s u l t  o f  the  l a r g e r  
logs having g r e a t e r  c learwood areas in the  mature t im be r  r e l a t i v e  to  
the s m a l le r  l o g s ,  thus dec reas ing  the  chance o f  d e fe c ts  in  the  sawn 
wood. Th is  was observed by Fenton (1967 ). Fenton (1967) r e p o r t s  
unpub l ished  work by T u s t in  (1970) -  "The p ro d u c t io n  o f  l a r g e r  lo g s ,  
a l b e i t  w i t h  l a r g e r  branches,  inc reases  the chances o f  a v o id in g  d e f e c t s ;  
some r e s u l t s  are  a v a i l a b l e  f o r  v i s u a l l y  graded t im b e r  f rom Ash ley  Fores t  
and showed about  the  same p r o p o r t i o n a t e  y i e l d  o f  f raming  grades f rom 
th r e e  d i f f e r e n t  i n i t i a l  sp ac ing s " .
Ano the r  p o s s i b l e  c o n t r i b u t i n g  f a c t o r  i s  the  l a r g e r  percentage 
o f  j u v e n i l e  wood in the small  logs r e l a t i v e  to  the  l a r g e r  ones thus  
i n c re a s in g  the  percen tage  o f  low v i s u a l  grades in the  small  logs  (an
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aspect  d i scussed in s ec t i on  4 . 5 . 1 ) .
The r e l a t i o n s h i p  between MV/m^P and BSMAX (Figure  4.34b)  
was not  s i g n i f i c a n t l y  improved by c o n s i d e r a t i o n  of  log s i z e  fo r  the  b u t t  
log a l t h o u g h  t h e r e  was a s l i g h t  t r e nd  towards  l a r g e r  va l ues  f o r  the  
l a r g e r  logs  fo r  any p a r t i c u l a r  BSMAX. The d imini shed  e f f e c t  of  log 
s i z e  on v a l u e ,  in t h i s  i n s t a n c e ,  is p robab ly  due to the  small e f f e c t  
small  i n c r e a s e s  in width have on t imber  s t i f f n e s s  (Grcmtj 1979).  Wood 
d e n s i t y  could a l s o  c o n t r i b u t e  t o  t h i s  d imini shed  e f f e c t .  A machine 
grade  i s  based on t imber  s t i f f n e s s  which i s  h i gh l y  dependent  on both 
d e n s i t y  and d e f ec t  s i z e .  For any c o n s t a n t  de f ec t  s i z e  ( cons t a n t  BSMAX) 
t imber  d e n s i t y  could be s l i g h t l y  h i ghe r  in the mature  wood o f  sma l l e r  
logs  because  of  t he  s lower  growth of  the  mature wood (Welsh,  1979).
For the  second log p o s i t i o n  c l a s s  the  o p p o s i t e  t r end
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occur r ed  f o r  machine g r ad ing  va l ues  i e .  t imber  va l ue  (MV/m P) decreased  
as log s i z e  i n c r e a s ed .  The arguments  put  forward in the p revious  
d i s c u s s i o n  about  the b u t t  logs make t h i s  r e s u l t  seem u n l i k e l y  - 
perhaps  the  h i ghe r  t imber  d e n s i t y  of  t he  s m a l l e r ,  s lower  growth logs 
might  have been enough to  r a i s e  grades  (and t h e r e f o r e  va l ues )  to  give 
t h i s  e f f e c t .  One o t h e r  p o s s i b l e  reason is the  g r ading  problem 
a s s o c i a t e d  wi t h  the  wider  p i e c e s .  Many of  t he  wide s c a n t l i n g s  were 
down graded fo r  some unexpla ined  reason ( d i s cus s ed  in s e c t i on  4.5*7)  
and most of  t he se  p i e ces  came from the  l a r g e s t  logs in cp t .  73. This 
would have depres sed  the  va l ues  fo r  those  logs and t h i s  could have 
c o n t r i b u t e d  to  the  e f f e c t .  There were only  four  logs In t h i s  ca t egory  
however out  of  18 fo r  the  group and as the  e f f e c t  d id not  occur  in the  
b u t t  logs  t h i s  can probably  be ru l ed  out  as a p o s s i b l e  e x p l a n a t i o n .  
M u l t i p l e  r e g r e s s i o n s  were performed on the  da t a  a f t e r  e x c l u s i on  of  t h e  
four  l a r g e s t  t r e e s .  Thi s  a n a l y s i s  produced s i m i l a r  t r en d s  to t he  
p r ev ious  one exce p t  t h a t  f o r  t he  b u t t  log,  d i amete r  had s l i g h t l y  more 
e f f e c t  on va l ue  and s l i g h t l y  l e s s  e f f e c t  f o r  the  second log.
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CHAPTER 5
GENERAL DISCUSSION
5.1 F actor afifizcting tMnn gfioiMtk and timbe/L quality  in  aadiaXa pirn
p lan ta tion s .
Many f a c t o r s  a f f e c t  t he  growth c h a r a c t e r i s t i c s  o f  t r e e s  
in man-made f o r e s t s  and t h e r e f o r e  i n d i r e c t l y  the  type and va lue  of 
produc t s  they produce .  The t h r e e  most impor tant  genera l  ones a r e :
1. s p ec i e s  and t h e i r  provenance
2. s i t e  f a c t o r s
3.  s i l v i c u l t u r a l  t r e a t me n t
Radia ta  p ine  has been chosen f o r  most of  the  sof twood 
p l a n t a t i o n s  in the  southern  s t a t e s  of A u s t r a l i a  because of  i t s  f a s t  growth 
r a t e  and p o t e n t i a l  f o r  producing high q u a l i t y  wood produc t s  so t h a t  
improving t he  genotype to  e l i m i n a t e  u n d e s i r a b l e  t r e e s  from f u t u r e  p l a n t a t i o n s  
i s  very  i mp o r t a n t .  There  have been encouraging r e s u l t s  j u s t i f y i n g  t r e e  
improvement programs to  develop the  be s t  q u a l i t y  s t o c k  f o r  p l a n t a t i o n  
f o r e s t s  (F ie ld in g s  1967).
S i t e  f a c t o r s  i nc lude :
1. r a i n f a l l  and mo i s t u r e  a v a i l a b i l i t y
2.  t e mper a t u r e
3.  s o i l  s t r u c t u r e  and f e r t i l i t y
4.  d r a i n a g e
5.  s o l a r  r a d i a t i o n
6.  1igh t  i n t e n s i t y
7.  c o n d i t i o n s  t h a t  lead to  compress ion wood format ion  or  o t h e r
u n d e s i r a b l e  ' a b n o r m a l i t i e s '
S i l v i c u l t u r a l  t r e a t m e n t s  i nc lude :
1. c u l t i v a t i o n
2.  i n i t i a l  spacing
3. f e r t i 1 i z a t i o n
4. chemical  weed con t ro l
5.  pruning
6.  t h i nn i ng
7.  i r r i g a t i o n
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Most s i t e  v a r i a b l e s  and s i l v i c u l t u r a l  t r e a t m e n t s  a f f e c t  
t h e  t r e e ' s  r a t e  of  g r owt h ,  t h e  n a t u r e  of  t h e  growth and t r e e  form 
( i n c l u d i n g  b o l e ,  crown and b r an c h i n g  c h a r a c t e r i s t i c s ) .  Th i s  in t u r n  
a f f e c t s  t h e  wood q u a l i t y  which i n f l u e n c e s  t h e  end use  and v a l u e  o f  t h e  
t i m b e r .
The d i r e c t  r e s u l t s  o f  t h e  f o r e s t  m a n a g e r ' s  d e c i s i o n s  w i t h  
r e g a r d  t o  t h e s e  f a c t o r s  were  i n d i c a t e d  by B r a z ie r  (1976) and t h e s e  a r e  
shown in F i g u r e  5 . 1 .
FOREST MANAGER'S OPTIONS 
i n f l u e n c e
Y
TREE GROWTH
d e t e r m i n e
WOOD PROPERTIES
d e t e r m i n e
TECHNICAL PERFORMANCE
i n f 1uence
ACCEPTANCE FOR USE
PRICE
AVAILABILITY
F i g u r e  5 . 1 .  How t h e  f o r e s t e r  i n f l u e n c e s  t i m b e r  use
The wood t e c h n o l o g i s t  i s  c onc e r ne d  w i t h  t h e  e f f e c t s  of  
t h e  f o r e s t  m a n a g e r ' s  a c t i o n s  on t h e  v a r i o u s  wood p r o p e r t i e s  and t h e  
q u a l i t y  o f  t h e  t i mb e r  p r oduce d .  The end u s e r  of  t h e  t i mb e r  j u d g e s  i t s  
s u i t a b i l i t y  f o r  a p a r t i c u l a r  p u r pos e  from c o n s i d e r a t i o n  of  i t s  l i k e l y
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t e c h n i c a l  per formance in s e r v i c e .  B r a z ie r  (1976) summarized the  i mpor t an t  
f a c t o r s  govern ing  t e c h n i c a l  performance and the  wood p r o p e r t i e s  a f f e c t i n g  
them. A modi f i ed  v e r s i on  of  t h i s  i s  p r e sen t e d  in F igure  5 . 2 .
T E C H N I C A L  P E R F O R M A N C E  
F A C T O R
OJOOV P R O P E R T Y  I N F L U E N C I N G  T H E  T E C H N I C A L  
P E R F O R M A N C E  F A C T O R
S t i f f n e s s  and s t r e n g t h Knots ,  d e n s i t y ,  g r a i n  d i r e c t i o n ,  j u v e n i l e  
wood.
Shr inkage  and hygroscopic  
movement
Grain d i r e c t i o n ,  j u v e n i l e  wood, compress ion 
wood, d e n s i t y .
Sawing and machining Grain d i r e c t i o n ,  t e x t u r e ,  compress ion wood, 
d e n s i t y ,  kno t s .
Nail  holding Dens i t y ,  j u v e n i 1e wood, t e x t u r e .
F igure  5 . 2 .  Important  t e c h n i c a l  per formance c r i t e r i a  r e l e v a n t  to  sawn 
t imber  u t i l i z a t i o n  and the wood p r o p e r t i e s  t h a t  a f f e c t  the  
per formance c r i t e r i a .
The s t r e n g t h  of  mature r a d i a t a  p ine  s c a n t l i n g s  i s  l i mi t ed  
mainly  by knot s  and s lo p i n g  g r a i n .  Dens i ty  a l s o  i n f l u en c e s  the  s t r e n g t h  
of  c l e a r  t imber  but  i t  is  not  g e n e r a l l y  t he  l i m i t i n g  f a c t o r  in de t e rmi n i ng  
the  g rade  of  mature  wood. Minimum s t r e n g t h  normal ly  de t e rmines  s t r e s s  
grade in mature r a d i a t a  p ine  t imber  and t h i s  minimum s t r e n g t h  is  
p redominant ly  l i mi t ed  by knots  and g r a i n  d i r e c t i o n .
S c a n t l i n g s  cu t  from j u v e n i l e  r a d i a t a  p ine  wood, however,  
have low d e n s i t y  and t h e r e f o r e  low s t i f f n e s s  and s t r e s s  grade is g e n e r a l l y  
l i mi t ed  by d e n s i t y  as wel l  as knot s  and s l op i ng  g r a i n .  Anton (1979) showed 
t h a t  r a d i a t a  p i ne  s c a n t l i n g  cut  from 13 year  o ld t r e e s  had low s t i f f n e s s  
but  r e l a t i v e l y  high s t r e n g t h ;  t h i s  high s t r e n g t h  being due t o  smal l  knot  
s i z e .  In t h i s  ca se  t he  end use of  t he  wood ( i . e .  s t r e s s  grade)  would be
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l i m i t e d  more by low s t i f f n e s s  than by s t r e n g t h  c o n s i d e r a t i o n s .
The s iz e  and number o f  knots  in r a d ia t a  p in e  is  d i r e c t l y  
r e l a t e d  to  the  b ranch ing c h a r a c t e r i s t i c s  o f  the  t r e e .  Fo res t  p r a c t i c e s  
which p ro long  the  growth  o f  branches u s u a l l y  r e s u l t  in l a r g e r  branches 
and,  t h e r e f o r e ,  l a r g e r  knots  in the  sawn t im b e r .  I n i t i a l  spac ing and 
t h i n n i n g  p r a c t i c e  have an im p o r ta n t  e f f e c t  on branch s i z e  and c o n d i t i o n ;  
w id e r  spac ing a n d /o r  e a r l i e r  t h i n n i n g  r e s u l t  in l a r g e r  branch s i z e s ;  c lose  
spacing a n d /o r  inadequate o r  no t h i n n i n g ,  however,  r e s u l t  in  the  death o f  
the  lower branches and unsound or  loose knots in the r e s u l t i n g  t im b e r .
These may reduce the f u t u r e  market  va lue  o f  the  t r e e s .
Average t r e e  d e n s i t y  is  s e r i o u s l y  a f f e c t e d  by f o r e s t  
p r a c t i c e s  o n l y  in so f a r  as the p r o p o r t i o n  o f  low d e n s i t y  j u v e n i l e  wood 
is  a f f e c t e d .  However, g e n e r a l l y ,  the  d e n s i t y  o f  wood is  s l i g h t l y  decreased 
by p r a c t i c e s  which inc rease  the t r e e ' s  r a t e  o f  g rowth .  The combina t ion  
o f  knot  c h a r a c t e r i s t i c s  and t im b e r  d e n s i t y  and the  o v e r a l l  e f f e c t  on the  
s t r e n g t h  and s t i f f n e s s  o f  t im b e r  has not  ye t  been s tu d ie d  in any g re a t  
d e t a i 1 .
Gra in d i r e c t i o n  i s  an im p o r ta n t  p r o p e r t y  i n f l u e n c i n g  
wood q u a l i t y  because i t  a f f e c t s  d i s t o r t i o n  d u r ing  d r y i n g ,  d imens iona l  
s t a b i l i t y ,  s t r e n g t h  and mach in ing  q u a l i t y .  S tud ie s  o f  the  e f f e c t s  o f  
s i l v i c u l t u r a l  p r a c t i c e s  on s p i r a l  g ra in  a re  c o n f l i c t i n g  and, as a r e s u l t ,  
ve ry  few d e f i n i t e  c o nc lus io n s  can be drawn (Boyd, 1967).  However, because 
s p i r a l  g r a in  occurs m a in ly  in the  j u v e n i l e  wood, p r a c t i c e s  which inc rease  the 
p r o p o r t i o n  o f  j u v e n i l e  wood w i l l  decrease the  o v e r a l l  q u a l i t y  o f  the  wood.
S i l v i c u l t u r a l  p r a c t i c e s  a l s o  i n f l u e n c e  stem form. Taper 
is increased by wide spac ing and heavy t h i n n i n g  but  reduced by heavy green 
p ru n in g .  U n d e s i ra b le  compression wood is  produced i f  an asymmetric crown 
deve lops .  To avo id  t h i s ,  p l a n t s  should be e s t a b l i s h e d  in a s t r a i g h t  and 
u p r i g h t  p o s i t i o n  and steep s i t e s  o r  s i t e s  exposed to  s t rong  p r e v a i l i n g  winds
a re  bes t  avo ided .
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Genera l ly  t he  f o r e s t  manager looks f o r  ways of i nc r e a s i n g  
t o t a l  wood y i e l d  p r ov id i ng  he does not  s t r a y  too f a r  from normal ly  accepted  
management p r a c t i c e .  In a review of  t r e e  and s t and growth in r a d i a t a  p ine  
p l a n t a t i o n s  in N.S.W. {F o rre s tJ 1972) t he  most d e s i r a b l e  management o b j e c t i v e  
was " t o  ba l ance  t o t a l  p r o du c t i o n ,  s i z e  c l a s s  d i s t r i b u t i o n  and d i s coun t ed  
va l ue  r e t u r n s .  The regime to  ach i eve  t h i s  would r e s u l t  in a s t a b l e  and 
v igorous  p l a n t a t i o n  where t o t a l  me rchan tab l e  volume produc t i on  would be 
s l i g h t l y  l e s s  than the  maximum p o s s i b l e . "
F o r r e s t  sugges t s  f o r  normal s i t e s  an i n i t i a l  spacing of
2 . 4  m x 2 . 4  m r e s u l t i n g  in about  1500 t r e e s  per  h e c t a r e  a t  f i r s t  t h i nn i ng  
i f  t h e r e  is  a market  f o r  pulp or  c h i p s .  This  s t ock i ng  would s a t i s f y  
r equ i r ement s  f o r  branch s i z e ,  pruning p o t e n t i a l  and crop t r e e  s e l e c t i o n .
I f  t he  f i r s t  commercial  t h i nn i ng  is f o r  sawlogs ,  however,  the  s tock i ng  
should then be about  h a l f  t h i s  f i g u r e ,  t he  su r p l u s  having been removed 
e a r l i e r  and achieved through non-commercia1 t h i n n i n g ,  sometimes r e f e r r e d  to  
as t h i nn i n g  t o  was t e ,  r a t h e r  than wide i n i t i a l  sp a c i n g .  F o r r e s t  only 
advoca t es  wide spac ing wi th  t he  b e s t  e s t a b l i s h m e n t  t e ch n i q u e s  and wi th  
g e n e t i c a l l y  improved s t o c k  or  on poor s i t e s .  At the  p r e s e n t  t ime the  
p r a c t i c e  in New South Wales is to p l a n t  a t  spac ings  wider  than 2.4 m x
2.4 m. (Genera l l y  3 m x 2.5  m or  3 m x 3 m and small  a r ea s  of  2 .5 m x 2.5 m.
F o r r e s t  a l s o  s u g g e s t s  t h a t  t h e r e  is l i t t l e  f i n a n c i a l
advantage  in a t t e mp t ing  to  ensure  n o n - compe t i t i ve  growth c o n d i t i o n s  through
wide spac i ngs  s i n c e  t o t a l  y i e l d  could be reduced by about  20% and l a rge
branches  could reduce product  v a l u e .  Branch s i z e  would a l s o  be a f a c t o r
l i m i t i n g  produc t  q u a l i t y  i f  i n t e n s i v e  t h i n n i n g  became the  t r e n d ;
prun ing ,  as a means of  c o n t r o l l i n g  branch s i z e ,  would probably  then be 
e s s e n t i a  1.
5 .2  T kl6  b tu d y , and m p tic c u tio y u  fan. fa n e A t ma.nagem£nt.
Thi s  s tudy  shows,  us ing p r e s e n t  methods of  t imber  g r a d i n g ,  
high y i e l d s  of  r e l a t i v e l y  high g r a d e ,  i . e .  F7 and h i ghe r  (F7+) , can be
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produced f rom r a d la ta  p ine  t r e e s  30 years  and ove r ,  grown using e s t a b l i s h e d  
s i l v i c u l t u r a l  p r a c t i c e s .  These t r e e s  g e n e r a l l y  produced h igh  y i e l d s  o f  F7+ 
(MSG) f rom a t  l e a s t  the f i r s t  th re e  logs in each t r e e .  V isu a l  g ra d in g  
produced i n c r e a s i n g l y  s m a l le r  y i e l d s  o f  these grades as log p o s i t i o n  c la s s  
inc reased because o f  the dec reas in g  s i z e  o f  the  logs .
The e f f e c t  o f  s i t e  q u a l i t y  on grade y i e l d  was r a t h e r  
complex in t h a t  h ig h e r  s i t e  q u a l i t i e s  produced l a r g e r  t re e s  w i t h  l a r g e r  
branches and would t h e r e f o r e  be expected  to  produce t im be r  o f  lower grade 
than lower s i t e  q u a l i t i e s .  However, l a r g e r  t r e e s  are u s u a l l y  conve r ted  
t o  l a r g e r  s e c t i o n  s ize s  than s m a l le r  t r e e s  thus d i m in i s h in g  the e f f e c t  o f  
the  l a r g e r  branch s ize s  on t im b e r  grade.  The s m a l le r  t r e e s  would a l s o  
c o n ta in  a h ig h e r  percentage o f  j u v e n i l e  wood tend ing  t o  reduce the  y i e l d s  
o f  the  h ig h e r  grades f rom these t r e e s .  In t h i s  s tu d y ,  the th ree  d i f f e r e n t  
s i t e  q u a l i t i e s  in compartments 1 0A and 105 produced s i m i l a r  y i e l d s  excep t  
f o r  the lowest  s i t e  q u a l i t y  wh ich  produced h ig h e r  y i e l d s  o f  the lower grades 
by both g rad ing  methods because o f  the  l a r g e r  percen tage  o f  j u v e n i l e  wood 
in the  s m a l le r  t r e e s .  G e n e ra l l y  the h ig h e s t  s i t e  q u a l i t y  produced the  
most v a lu a b le  t im b e r .  On the  o th e r  hand, compartment  79,  wh ich  produced 
the l a r g e s t  t r e e s  o f  a l l  and may be assumed to  be o f  h ig h e r  s i t e  q u a l i t y  
than c p ts .  lOA and 105, produced t im b e r  o f  lower va lue  than any s i t e  
q u a l i t y  in the l a t t e r .  T h is  r e s u l t  was p robab ly  due to  the f a r  l a r g e r  
branch d iamete rs  on the  l a r g e s t  t r e e s  sampled f rom c p t .  79,  ( i n c r e a s i n g  
branch d iamete r  on logs f rom c p ts .  79, 10A and 105 tended to  lower the  
p roduc t  va lu e  o f  the  logs ,  e s p e c i a l l y  f o r  the lower logs .  I f  maximum 
branch s i z e  can be kept  under c o n t r o l  (eg .  < AOmm in the  b u t t  lo g )  h ig h e r  
s i t e  q u a l i t i e s  in the  A .C .T .  cou ld  produce t im b e r  o f  g r e a t e r  v a lue  than 
lower s i t e  q u a l i t i e s ) .
Age had an e f f e c t  on y i e l d s  in the h ig h e r  grades.  There 
was l i t t l e  d i f f e r e n c e  in grade y i e l d s  f o r  the  19 and 23 year  o l d  s tands  bu t  
the  30 year  o ld  stand produced f a r  b e t t e r  grade y i e l d s  e s p e c i a l l y  when
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machine g ra d in g .  This resu l t  is p ro b a b ly  due to  the  h ig h e r  percentage o f  
mature wood in the o l d e r  t r e e s .
Maximum branch s i z e  increased l i n e a r l y  w i t h  spac ing  so th a t  
i n c re a s in g  spacing co u ld  have a dep ress ing  e f f e c t  on grade y i e l d s .  However, 
the  ev idence  suggests t h a t  In the A .C .T .  dep ress ion  o f  grade y i e l d s  by 
e xcess ive  branch s i z e  due to  wide spac ing  (e .g .  up to  3.66 m x 3.66 m) 
would be m in im a l .  T h is  is  borne ou t  by the  good grade y i e l d  r e s u l t s  f o r  
c p t s . 79» 104 and 105 where i n i t i a l  spac ing was 3.66 m x 3-66 m. In t h i s  
s t u d y ,  the  c l o s e r  spac ings produced the lowest  y i e l d s  o f  low grade wood, 
f o r  the  f i r s t  and second log p o s i t i o n  c lasses  bu t  the w id e r  spacings 
produced s u p e r i o r  y i e l d s  f o r  the t h i r d  LPC. Sample s i z e s  were,  however,  
too  smal l  f o r  any f i r m  co n c lu s io n s  t o  be drawn.
The e f f e c t  o f  log s i z e  on sawn recovery  shou ld  a l s o  be 
cons ide red  by the f o r e s t  manager. Large r  logs g e n e r a l l y  produce h ig h e r  
percen tage y i e l d s  than s m a l le r  logs and a re  t h e r e f o r e  o f  g r e a t e r  va lue  
t o  i n d u s t r y .  S aw m i l le rs  cou ld  a ls o  c o n t r i b u t e  t o  ah improvement in grade 
recovery  by c o n v e r t i n g  t r e e s  w i t h  poor b ranch ing  c h a r a c t e r i s t i c s  i n t o  
l a r g e r  t im be r  s i z e s .
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CHAPTER 6 
CONCLUSIONS
1. Tree d iamete r  and mean t r e e  h e ig h t  increased l i n e a r l y  w i t h  i n c re a s in g  
s p a c i n g .
2. The number o f  branches per log increased l i n e a r l y  w i t h  i n c re a s in g  
log p o s i t i o n  c la s s  f o r  both  th in n e d  ( c p t .  79) and unth inned 
( c p t .  139) s tands .
3. Branch s iz e  parameters based on the  l a r g e s t  branches per log
( i e .  BSMAX, BS5, BS10, BS15) a l l  increased l i n e a r l y  w i t h  log p o s i t i o n  
c la s s  in c p t .  79. Mean branch s i z e  per  lo g ,  however,  showed no 
in c rease .
k.  Spacing d id  not  s i g n i f i c a n t l y  a f f e c t  the  number o f  branches per
log excep t  f o r  the second logs where i t  decreased w i t h  in c re a s in g  
spac ing .
5. Most branch s i z e  parameters ( i e .  BS, BSMAX, BS5, BS10, BS15) 
inc reased l i n e a r l y  w i t h  spac ing f o r  a l l  log p o s i t i o n s .  As spacing 
inc reased the  l a r g e s t  branches on a log inc reased in d iameter  by 
about  the same percentage as the average branch d ia m e te r .
6. Most o f  the branch s i z e  parameters based on the l a r g e s t  branches 
per lo g ,  inc reased l i n e a r l y  w i t h  log p o s i t i o n  c la s s  f o r  a l l  f o u r  
spac ings .  However as spac ing  increased the s i z e  o f  the l a r g e s t  
branches became independent  o f  log p o s i t i o n .  Average branch d iamete r  
decreased s l i g h t l y  w i t h  i n c re a s in g  log p o s i t i o n  c lass  f o r  the 1.83 m 
x 1.83 m and 3.66 m x 3.66 m spac ings .
7. As a r e s u l t  o f  t h i n n i n g  in c p t .  79 branch s ize s  in the t h i r d  and 
h ig h e r  logs increased s i g n i f i c a n t l y .  Branch s i z e s  in the b u t t  and 
second logs were no t  a f f e c t e d ,
8. There was a p o s i t i v e  l i n e a r  r e l a t i o n s h i p  between most branch s iz e  
i n d i c a t o r s  and log sedub f o r  bo th  the th inned  and unth inned stands 
f o r  most log  p o s i t i o n s .  No r e l a t i o n s h i p  was found to  e x i s t  between 
the  number o f  branches and log sedub.
9. T imber volume re c o v e r ie s  as a percen tage o f  log volume g e n e r a l l y  
increased w i t h  in c re a s in g  log d ia m e te r .  Some o f  the b u t t  logs 
however produced lower volumes than expected but  t h i s  was p robab ly  
due to  the  method o f  c a l c u l a t i n g  log volume.
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10. About  30% to  35% o f  the boards recovered f rom the  b u t t  logs from 
the  o l d e r ,  t h in n e d  stands was graded as r e j e c t  but  t h i s  decreased 
w i t h  in c re a s in g  log p o s i t i o n  c la s s .
11. S c a n t l i n g  y i e l d s  f rom the o l d e r  s tands in the F5+ (MSG) were 
g e n e r a l l y  g r e a t e r  than 90% o f  t o t a l  y t e l d  f o r  most log p o s i t i o n  
c la sse s  and s i t e  q u a l i t i e s .  Y ie l d s  in the  h ig h e r  g rades ,  i . e .
F7+ were g e n e r a l l y  g r e a t e r  than 70% o f  t o t a l  y i e l d  f o r  a t  l e a s t  the 
lower  t h r e e  log p o s i t i o n  c la s s e s .  Machine g rad ing  y i e l d s  were not  
s i g n i f i c a n t l y  a f f e c t e d  by s i t e  q u a l i t y .
12. S c a n t l i n g  y i e l d s  (VG) f rom the o l d e r  stands produced i n f e r i o r  grade 
d i s t r i b u t i o n s  than d id  machine g r a d in g ;  the  y i e l d s  o f  the  h ig he r  
grades being reduced by the la rge  percen tage o f  j u v e n i l e  wood in 
the  s m a l le r  logs f rom the lower s i t e  q u a l i t y  areas and by the la rg e  
percen tage  o f  j u v e n i l e  wood in the s m a l le r  logs f rom the  h ig h e r  log 
p o s i t i o n  c la s s e s .
13. The two c l o s e r  spac ings g e n e r a l l y  produced the  lowest  y i e l d s  o f  low 
grade s c a n t l i n g  ( i g n o r i n g  t w i s t )  f o r  the  f i r s t  two lo gs .  The w id e r  
sp ac ing s ,  however,  produced s u p e r i o r  y i e l d s  f rom the  t h i r d  logs .
Sample s i z e  was,  however,  q u i t e  s m a l l .
14. The 19 and 23 y ea r  o l d ,  un th in ned  s tands ,  produced smal l  y i e l d s  o f  
s c a n t l i n g  in the  h ig h e r  grades (F7+) whereas the  30 year  o ld  
(un th inned )  s tand produced reasonab le  y i e l d s  o f  these grades e spe c ia l  1 
when machine g ra d in g .
15. Logs w i t h  la rge  branches produced s c a n t l i n g  o f  i n f e r i o r  machine grade 
than d id  logs w i t h  smal l  branches.  Th is  e f f e c t  d id  n o t ,  however,  
occur f o r  v i s u a l  g ra d in g .
3
16. Log va lu e  / m o f  p ro duc t  appeared to  be a f f e c t e d  by s i t e  q u a l i t y
o n l y  in as much as the  l a r g e r  percen tage o f  j u v e n i l e  wood in the
s m a l le r  t r e e s  f rom the lower s i t e  q u a l i t i e s  depressed the  va lues
3
f rom these a reas .  Log va lu e  /m o f  log g e n e r a l l y  decreased w i t h  
dec reas ing  s i t e  q u a l i t y .
3 3
17. Log va lu e  /m o f  p roduc t  and log va lue  /m o f  log inc reased  w i t h  
i n c re a s in g  age.
18. The average e x - m i l l  door v a l u e / u n i t  volume o f  t im b e r  (us ing  machine 
g rad ing )  f o r  t h e  logs in t h i s  s tudy  la y  between the e x - m i l l  door 
v a l u e / u n i t  volume o f  the  F5 and F7 s c a n t l i n g  grades.
1 9 .
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There was a n e g a t i v e  l i n e a r  r e l a t i o n s h i p  between branch s iz e  and 
log v a lu e  /m^ o f  p roduc t  f o r  the  o l d e r  th inned  s tands .  The s lope 
o f  the  r e l a t i o n s h i p  however,  decreased w i t h  i n c re a s in g  log p o s i t i o n  
c la s s ,  i e .  branch s i z e  had most e f f e c t  on va lue  in the b u t t  logs 
and was o f  dec reas in g  importance w i t h  i n c re a s in g  log p o s i t i o n  c la s s .
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APPENDIX A
Instructions for mill operators
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Headrig Sawyer
Loading 1. Small end about 1ft. from end headblock.
2. Orientate bowed logs so that bow is at 45° concave 
upwards away from the headblocks.
Sawing
A. 6-10in. S.e.d.
1. 1st cut. Use the linebar and shadowline to make a first cut 
2in. from and parallel to the pith.
Set the line bar to % marked s.e.d. less 2in. plus 
small end bark thickness. For example, for a 9in. log,
4^-2 plus bark thickness of ^in. gives 3in.
Set the small end headblock and, if the log has taper, 
move the line bar back an inch or so and move the butt end 
across until the shadowline appears parallel to the centre 
line of the log.
2. 2nd cut. Turn the log 90° and using the shadowline position 
the log so that the second cut will be parallel to the log 
centreline and give a small end arris with no more than a 
^in. width strip of wane.
3. 3rd cut. Turn the log a further 90°. The headrig assistant 
will set the hackstand gauges to 4 3/16in. (+ l/16in. tolerance).
After the cut bring the carriage back past the saw so 
that the headrig assistant can check that the cant measures 
4 3/16in. (+ l/16in.) at the butt end of the log.
4. Discharge the cant.
B. ll-14in s.e.d.
1. Procedure is similar to that for 6-10in s.e.d. logs.
2. Linebar settings are \ marked s.e.d. less 4%in. plus bark thickness.
3. Backstand gauge setting for the 3rd cut is 8^in. ( + l/16in.).
4. If a ll-14in. class is so badly formed that a 8%in. cant cannot 
be cut, use the 6-10in. class cutting pattern.
5. Cants will be resawn by the breastbench.
C. 15in. plus s.e.d.
1. Procedure as before except that linebar settings are ^ marked 
s.e.d. less 6%in. plus bark thickness and hackstand gauge 
setting for the 3rd cut is 12 3/4in.
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Headr ig  a s s i s t a n t
1. As t h e  log i s  r e t u r n e d  a f t e r  each c u t  t h e  sawn face  i s  t o  be 
swept w i th  a broom. This  i s  t o  p r e v e n t  sawdust  b u i l d  up on 
th e  log  b e a r e r s  and headblock  f a c e s .
2. The h a c k s t a n d  gauges a re  t o  be c o r r e c t l y  s e t :
Cut 4 3 /1 6 i n .  6 -1 0 in  s . e . d .  logs
I f  t h e  c a n t  i s  o v e r s i z e  lo o s en  t h e  gauges and i f  u n d e r s i z e  t i g h t e n  
t h e  g a u g e s .
The d i s t a n c e  from o u t s i d e  saw t o  t h e  log  b e a r e r  nose i s  3 / 4 i n .
Thus t h e  h a c k s t a n d  f a c e  t o  log b e a r e r  nose  d i s t a n c e s  a re  
3 7 / 1 6 i n . , 7 3 / 4 i n . , 12 in .  (+ l / 1 6 i n . )  r e s p e c t i v e l y .
3. Check th e  c a n t  t h i c k n e s s  a t  t h e  b u t t  end o f  t h e  log  a f t e r  t h e  
3rd cu t  ( th e  h e a d r i g  sawyer w i l l  b r i n g  th e  c a n t  back p a s t  t h e  
saw).  The c a n t  deck a s s i s t a n t  w i l l  t e l l  you i f  t h i c k n e s s  i s  
i n c o r r e c t  a t  t h e  smal l  end o f  t h e  log .
4. Be p a r t i c u l a r l y  c a r e f u l  moving about  on the  c a r r i a g e .  Never 
move on to  t h e  c a r r i a g e  u n l e s s  t h e  h e a d r i g  sawyer has  g iven  
you t h e  nod.
8 ^ in .
12 3 / 4 in .
l l - 1 4 i n .  s . e . d .  logs  
15in .  p lu s  s . e . d .  lo g s .
T o l e r a n c e  + l / 1 6 i n .  a l l  s i z e s
Cantdeck assistant
1. Check that cant thickness at the small end of the log is correct
Tolerance + l/16in. all sizes.
Advise the headrig assistant of the actual size (signal H O.K.)
2. Check that the sawyer is not exceeding the wane allowances 
(max. width of strip of wane is ^in.) on logs of normal form. 
Wane allowances may be exceeded with bowed or kinked logs.
3. Assist the breastbench sawyer by turning all slabs so that 
their sawn surface is facing downwards and all cants so that 
the unsawn face points towards the breastbench sawyer.
4. Using a white aerosol paint spray for bark surfaces and a 
black lumber crayon for sawn surfaces, mark the uppermost 
surface of each slab and cant so that tree and log 
identification is clearly legible to the breastbench sawyer, 
tailer out and marker. The identification will be the 
same as for the log, for example 012/1, with further 
identification of the part of the log, for example 012/1/1, 
012/1/2, 012/1/3 for the first, second and third slabs and 
012/1/4 for the cant. The order of parts will be recorded 
on a blackboard visible to the breastbench crew and the 
marker.
5. .An operation time sheet will be filled in. The time from 
load to load (loading a log on the carriage) will be recorded 
and within that period delays due to abnormalities 
(adjustments, downtime) will be recorded.
4 3/16in. 
8%in.
12 3/4in.
6-10in sed logs 
ll-14in sed logs 
15in. sed plus logs
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B reas tbe nch  sawyer
1. The aim i s  t o  produce  1 6 f t .  long w i th i n - w a n e - a l l o w a n c e  1 9 / 1 6 i n .  
t h i c k n e s s  m a t e r i a l  as f a r  as p o s s i b l e  and o th e rw is e  t o  produce 
maximum w id th s  o f  l i n .  b o a rd s .
2. S iz e s  to  be cu t
Width
4 3 /1 6 ,  6%, 10 3 / 4 ,  12 13/16.
3 3 /1 6 ,  4 3 /16  
5%, 6%
7 3 /8
8k,  9k,  10k.
3. Maximum l e n g t h  o f  docking l i n .  boa rds  f o r  wane t o  g iv e  a minimum 
10% improvement i n  r e a l i s a t i o n  o v e r  n a r ro w e r  f u l l  l e n g t h  b o a rd s .  
Minimum m e rc h a n ta b l e  l e n g th  6 f t .
Maximum f u l l - l e n g t h  O p t io n a l  w id th  f o r  s h o r t e r  boa rds
Width 4 in .  5 i n .  6 in .  7 in .  8 in .  9 in .  lOin .
3 3 6 7 9 10 10 10
4 3 5 7 8 9 10
5 2 4 6 7 9
6 2 3 5 7
7 1 2 5
8 1 3
9 2
T h ickness  
1 9 / 1 6 i n .  
l i n .
4. Whenever p o s s i b l e  s l a b s  a re  t o  be sawn v e r t i c a l l y  u s in g  th e  hob.  
Waney edged b o a rd s  w i l l  be edged w i th  one f r e e  cu t  and one gauged 
cu t  u s in g  t h e  hob.  The hob i s  t o  be used  whenever p o s s i b l e  to  
minimise  sawing and t a i l i n g o u t  i n a c c u r a c i e s .
5. S labs  shou ld  be cu t  t o  1 9 / 1 6 i n .  m a t e r i a l  i f  i t  i s  a p p a re n t  t h a t  
a t  l e a s t  a 4 3 /16 x 1 9 / 1 6 i n .  f u l l  l e n g t h ,  w i t h i n  wane a l lowance
p i e c e  can be c u t .  I f  a m i s t a k e  o ve r  wane i s  made and p r o v i d i n g
no more than  4 f t  o f  waney m a t e r i a l  needs  t o  be docked do n o t  
resaw th e  p i e c e  t o  4 x l i n .  I f  a w id e r  b u t  l e s s  tha n  f u l l  l e n g th
p ie c e  can be cu t  from an unedged 1 9 / 1 6 i n .  boa rd  t h e  maximum
dockings  t o  s t i l l  g iv e  a 10 p e r c e n t  improvement i n  r e a l i s a t i o n  
a re  g iv e n  below.  Minimum d e s i r e d  b oa rd  l e n g th  i s  1 2 f t .
Maximum f u l l  l e n g th  
_____ wid th__________
4
6
8
10
O p t io n a l  w id th  f o r  s h o r t e r  boa rds
6_
4
_8
4
3
10 12
4
2 4
1
6. Do n o t  double f l i t c h  d i f f e r e n t  p a r t s  o f  a log ( i . e .  two s l a b s )  as 
t h i s  may confuse  th e  marker .  D i f f e r e n t  p a r t s  o f  a s i n g l e  s l a b  
may be double  f l i t c h e d .
Breastbench marker
1. Check the dimensions of 1 9/16in thick material sawn from slabs 
and thickness only of material sawn from cants. Tolerance + l/16in. 
Dimensions of lin. thick material need not be checked.
2. Using black lumber crayon mark on piece number very clearly at the 
"butt end" of the piece (i.e. at the face at the end nearest the 
breastbench). Underline all numbers which could be inverted.
3. Record tree, log, part, piece size against the right piece number
on form 1. Entries must be tidy and the sheets kept in good
condition so that the data can be punched up directly from the 
sheets.
4. Keep a careful eye on log part identifications. On the blackboard 
continually rub out the log parts which have been sawn.
5. The order of entries on form 1 is intended to enable the tree to 
be put back together. If the sawyer saws a board from a slab, 
puts it aside unedged, and saws another board and edges that 
before edging the first, leave a gap for the first started board 
on form 1 and give the second started, but first finished board, 
the next number reserving the number before for the first started 
board.
6. Record the time taken to process log parts on an operation sheet, 
Record abnormalities (adjustments, downtime).
Stacker
1. Carry the marked pieces from the breastbench and stack the l%in. 
thick timber into width-segregated packets and all widths of 
lin. material into a single packet. All face marked numbers 
will be at the same end of the packet. The packets will be 
arranged end on to the mill door on 12in. high bearers.
2. Completed packets will be centre strapped, placed on roller 
pallets and rolled out of the building so that they can be 
loaded onto a truck by forklift.
3. Packet specifications for the various dimensions are:
Pieces/layer 
No. layers 
Internal fillets
Pieces/packet
4x1*2 6x1*2 8x1*2 10x1*2 12x1*2 linch
9 6 5 4 3 max.width 3’6'
20 20 20 20 20 30
Above layers 8 and 16 above layers 
12 and 24
80 120 100 80 60 Variable
4. Pieces will be stacked consistently from left to right (facing 
breastbench) one layer at a time. When each packet layer is 
completed paint the surface with anti-sapstain solution.
Packets should be well made and sides and ends should be vertical.
Forklift operator
1. Keep the headrig line deck supplied with logs. Be sure that 
the tagged and s.e.d. marked end faces the headrig sawyer.
2. Assist the breastbench crew with slab removal.
3. Assist the stacker with removal of completed packets.
4. Load completed packets onto the truck.
1 7 5 .
APPENDIX B
F o re s t ry  Commission of NSW softwood grading
programs
P u b lis h e d  1974 Is s u e d  by Wood T echnology  D iv is io n
SOFTWOOD GLADING PROQIAM -  THICKNESS RANGE 25-40 mm
YELLOW PROGRAM CARD
MACHINE UNTT SIZE 0 .1905  nun
* C o lo r C u to ff D e f le c t io n M o f  E
Grade P o in ts Range Range
Code (U n its ) (mm) (GPa)
F11 P u rp le 20 0 -  3.91 Max -  11.58
F8 G reen 28 3-62 -  5-33 12.19  -  8.27
F5 B lack 42 5 .14  -  8 .0 0 8 .58  -  5.52
F4 Red 5 6 7.81  -  10.67 5.65  -  4 .1 4
R e je c t - 10 .48  -  Max 4.21  -  0
MACHINE UNTT SIZE 0.381 mm
* C o lo r C u to ff D e f le c t io n M o f  E
Grade P o in ts Range Range
Code (U n its ) (mm) (GPa)
F11 P u rp le 10 0 -  3.81 Max -  11 .58
F8 G reen 14 3.43  -  5.33 12.87 -  8.27
F5 B lack 21 4 .95  -  8 .00 8.91  -  5.52
F4 Red 28 7 .6 2  -  10.67 5 .7 9  -  4 .1 4
R e je c t - 10.29  -  Max 4 .29  -  0
* SUGGESTED GRADES ARE TO BE VERIFIED BY THE OPERATOR FROM TEST SAMPLES 
** C o lo r Code a s  p e r  AS1613-1974
DIMENSIONS LOAD EXTREME
PER mm FIBER
(mm) WIDTH (N) STRESS
Wide T h ick (kPa)
1 25 3.61 7920
1 26 4 .06 8230
1 27 4 .5 5 8550
1 28 5.07 8870
1 29 5 .6 3 9180
1 30 6.23 9500
1 31 " 6 .8 8 9820
1 32 7 .57 10 130
DIMENSIONS LOAD EXTREME
PER mm FIBER
(mm) WIDTH (N) STRESS
Wide T h ick (kPa)
1 33 8 .30 10 450
1 34 9 .0 8 10 770
1 35 9 .9 0 11 080
1 36 10.77 11 400
1 37 11.70 11 720
1 38 12.67 12 030
1 39 13 .70 12 350
1 40 14 .78 12 670
Example Load r e q u i r e d  f o r  100 x  30 mm m a te r ia l  
= 100 x 6.23  
= 6 2  ^ N
P u b lis h e d  1974 I s s u e d  by Wood T echnology D iv is io n
SOFTWOOD GRADING PROGRAM -  THICKNESS RANGE 38-51 mm 
RED PROGRAM CARD
MACHINE UNIT SIZE 0 .1905  mm
*• C o lo r C u to ff D e f le c t io n M o f  E
Grade P o in ts Range
(mm)
Range
Code (U n its ) (GPa)
F11 P u rp le 16 0 -  3.05 Max — 11.03
F8 G reen 22 2.86T— 4 .1 9
O
J
0001te 
t—•
E5 B la ck 52 4 .0 0 — 6 .1 0 8.41  — 5.52
F4 Red 42 5.91  — 8 .0 0 5.69  —  4 .20
R e je c t - 7 .8 1 — Max 4.31  -  0
MACHINE UNIT SIZE 0.381 mm
-* * C o lo r C u to f f D e f le c t io n M o f  E
Grade P o in ts Range Range
Code (U n its ) (mm) (GPa)
F11 P u rp le 8 0 — 3.05 Max — 11.03
F8 G reen 11 2.67  — 4.19 12.61 — 8 .0 2
F5 B lack HIT 3.81 — 6 .1 0 8 .8 3  — 5 .52
F4 Red 21 5 .7 2  - 8 . 0 0 5 .8 8  — 4 .2 0
R e je c t - 7 .6 2  -M a x
0I•
*  SUGGESTED GRADES ARE TO BE VERIFIED BY THE OPERATOR FROM TEST SAMPLES
** C o lo r Code a s  p e r  AS1613-1974
DIMENSIONS LOAD EXTREME
PER mm FIBER
(mm) WIDTH (N) STRESS
Wide T h ick (kPa)
1 38 9.65 9170
1 39 10 .44 9410
1 40 11.26 9650
1 41 12.12 9890
1 42 13.03 10 130
1 43 13.99 10 380
1 44 14.99 10 620
DIMENSIONS LOAD EXTREME
PER mm FIBER
(mm) WIDTH (N) STRESS
Wide T h ick (kPa)
1 45 16.03 10 860
1 “I T " 17.12 11 100
1 47 18.26 11 340
1 48 19.46 11 580
1 49 20.70 11 820
1 50 21 .9 9 12 060
1 51 2 3 .3 4 12 310
Example Load r e q u i r e d  f o r  75 x  40 mm m a te r ia l  
= 75 x  11 .26  
= 843 N
APPENDIX C
I n i t i a l  (unprocessed)  sample piece  data
5 5 3 . 0 1 1 4 64 16 0 0 0 0 0 0 0 0 0
5 5 2 . 0 1 1 4 64 16 16 6 6 7 2 5 0 0 0 0 0 0
5 4 6 . 0 1 1 4 64 24 16 8 6 1 0 6 9 4 2 2 0 12 3
5 5 1 . 0 1 1 4 64 24 16 8 2 3 4 11 95 3 4 0 12 1
5 4 7 . 0 1 1 4 64 24 16 7 9 0 9 7 9 5 4 5 2 11 3
5 4 8 . 0 1 1 4 6 4 24 16 8 0 3 5 10 97 2 4 0 11 2
______ 5 5 0 . 0 _ 1 .1 4 64 24 16 8 1 8 5 11 98 3 6 0 11 1
5 4 9 . 0 1 1 4 64 24 16 8 3 6 9 11 98 8 11 5 11 1
5 5 6 . 0 1 L  4 9 6 16 16 4 1 4 1 1 0 0 0 0 0 0
5 4 4 . 0 1 1 1 96 24 16 1 3 3 3 0 6 5 1 1 1 0 3
5 4 5 . 0 -  1 1 3 128 24 11 1 2 4 2 0 6 4 2 6 1 0 3
5 5 5 . 0 1 1 4 128 24 16 1 7 5 5 0 6 5 2 3 3 0 3
54 U 0 — L- 1 2 128 24 14 1 5 7 1 0 6 -  6 0 1 3 0 3
5 4 2 . 0 1 1 4 160 24 16 0 6 96 0 4 0 9 0
5 3 9 . 0 1 1 4 192 24 14 0 7 95 8 0 0 10 0
54 3 . 0 1 1 4 192 24 12 0 6 96 5 0 0 10 0
5 3 8 . 0 1 1 4 1 92 24 16 0 6 - 9 6 9 15 8 10 0
5 5 4 . 0 1 1 4 192 24 16 0 8 97 0 0 0 0 0
5 2 1 . 0 1 2 4 -  64 24 1 6 - -  7 7 4 8 8 94 3 9 3 12 3 .
5 1 9 . 0 1 2 4 64 24 16 7 6 2 2 9 94 3 3 0 11 3
5 1 8 . 0 1 2 4 64 24 16 8 2 0 1 7 94 4 4 0 11 3
5 2 2 . 0 1 2 4 64 24 16 7 3 2 4 8 95 0 4 4 11 3
5 2 0 . 0 1 2 4 64 24 16 8 2 0 3 6 95 0 8 8 12 3
5 2 3 . 0 1 2 4 64 24 16 8 0 1 0 11 96 8 3 0 11 1
- 5 2 4 . 0 —  1 2 4 - 6 4 . 24 16 7 9 7 8 10 97 3 2 0 1 L 1
5 1 6 . 0 1 2 4 80 16 15 7 8 1 2 3 0 0 0 0 0 0
5 1 7 . 0 1 2 3 96 16 16 9 6 6 6 5 0 0 0 0 0 0
5 1 4 . 0 1 2 2 96 24 12 9 5 6 0 7 5 5 2 3 0 3
5 1 3 . 0 1 2 1 1 2 8 24 16 1 7 3 8 0 9 5 5 4 5 0 3
5 0 6 . 0 1 2 4 128 24 16 1 8 5 5 0 7 5 2 1 2 0 2
5 1 5 . 0 -1 2 4 160 24 16 0 _ 6 96 0 -6 _ - l 10 0
5 0 9 . 0 1 2 4 192 24 16 0 7 96 6 2 0 10 0
5 0 8 . 0 1 2 4 1 9 2 24 16 0 9 97 0 7 0 11 0
3 1 9 . 0 1 3 4 64 16 16 5 7 1 7 3 0 0 0 0 0 0
3 1 6 . 0 1 3 4 6 4 24 16 7 4 5 0 8 7 5 7 5 0 1
3 1 8 . 0 1 3 4 64 24 16 7 4 0 0 10 3 29 2 2 11 1
3 1 5 - 0 1 3 4 64 24 16 7 3 2 0 7 8 2 1 1 7 o 3
3 1 7 . 0 1 3 4 64 24 16 7 5 8 0 10 9 18 8 2 0 1
3 1 3 . 0 1 3 3 80 16 12 5 8 8 6 3 0 0 0 0 0 0
3 2 2 . 0 1 3 4 9 6 16 15 8 4 5 0 3 0 0 0 0 0 0
* 3 1 2 . 0 1 3 2 96 24 16 1 2 5 1 0 8 6 15 4 2 0 3
3 1 0 . 0 1 3 1 112 16 9 6 1 0 2 5 0 0 0 0 0 0
3 1 4 . 0 1 3 4 1 28 24 16 1 7 3 8 0 9 5 14 1 3 13 3
3 2 1 , 0 1 3 4 128 24 16 1 6 5 0 0 8 6 7 8 1 0 3
3 1 1 . 0 1 3 1 128 24 16 1 6 6 1 0 7 _  6 19 9 2 9 2
3 2 4 . 0 1 3 4 128 24 16 1 6 5 9 0 9 7 3 3 2 0 3
3 2 0 . 0 1 3 4 1 28 24 16 1 5 7 3 0 9 7 5 10 2 0 2
3 5 3 . 0 1 4 4 6 4 24 15 7 1 8 0 9 94 2 3 0 11 2
3 5 1 . 0 1 4 3 6 4 24 16 8 6 2 8 10 94 4 9 0 11 3
3 5 7 . 0 1 4 4 64 24 16 7 7 5 3 8 95 5 11 0 12 3
3 5 6 . 0 1 4 4 64 24 15 7 0 1 1 10 95 1 9 0 11 2
3 5 5 . 0 1 4 4 64 24 15 6 9 7 0 11 97 16 3 0 11 1
3 5 4 . 0 1 4 4 64 2 4 15 6 9 3 7 1 1 9 7 14 2 0 11 1
3 4 9 . 0 1 4 1 96 16 12 6 7 8 8 3 0 0 0 0 0 0
18o.
3 5 9 , 0 1 4 4 96 24
3 5 0 , 0 1 4 2 96 24
3 5 8 , 0 1 4 4 128 24
3 5 2 , 0 1 4 4 128 24
1 0 7 , 0 1 5 1 48 16
1 1 0 , 0 1 5 3 64 16
1 0 9 . 0 1 5 4 64 2 4 -
1 08 , 0 1 5 4 64 24
5 8 9 . 0 2 1 1 48 16
6 0 3 . 0 2 1 4 64 16
5 9 9 . 0 2 1 4 64 16
5 9 7 . 0 2 1 4 64 24
5 9 8 . 0 2 1 4 64 24
59 3 .0 2 1 4 64 24
5 9 4 . 0 2 1 4 64 24
5 9 5 . 0 2 1 4 64 24
5 9 6 . 0 2 1 4 64 24
5 8 4 . 0 2 1 2 80 16
5 9 1 . 0 2 1 3 112 16
5 9 2 . 0 2 1 3 128 24
^ 5 9 0 . 0 2 1 1 128 24
5 8 5 . 0 2 1 2 128 24
* 6 0 4 . 0 2 1 4 160 24
6 0 2 . 0 2 1 4 160 24
- 6 0 1 . 0 2 1 4 192 24
6 0 0 . 0 2 1 4 192 24
* 6 0 0 . 1 2 1 4 192 24
5 8 8 . 0 2 1 4 192 24
' 5 7 4 , 0 2 2 3 48 16
5 8 3 . 0 2 2 4 64 16
5 8 2 . 0 2 2 4 64 24
5 8 1 , 0 2 2 4 64 24
5 7 9 . 0 2 2 4 64 24
5 7 8 , 0 2 2 4 64 24
5 7 3 . 0 2 2 3 64 24
57 9 .1 2 2 4 64 24
5 8 0 . 0 2 2 4 64 24
5 7 1 . 0 2 2 1 96 16
5 8 6 . 0 2 2 4 112 16
5 8 7 . 0 2 2 4 128 24
5 7 2 , 0 2 2 2 128 24
5 7 7 . 0 2 2 4 192 24
5 7 5 . 0 2 2 4 192 24
5 7 8 . 1 2 2 4 192 24
5 7 6 . 0 2 2 4 192 24
5 6 2 . 0 2 3 4 64 24
5 5 9 . 0 2 3 4 64 24
5 6 0 . 0 2 3 4 64 24
-  5 6 3 . 0 2 3 4 64 24
5 6 1 . 0 2 3 4 64 24
5 6 5 , 0 2 3 4 64 24
5 6 4 , 0 2 3 4 64 24
5 6 9 . 0 2 3 4 96 16
5 6 6 . 0 2 3 2 96 24
11660 9 5 6 9 2 0 3
11480 7 6 19 11 2 0 3
15100 11 6 5 1 1 0 2
14750 7 6 4 4 3 0 3
3704 3 0 0 0 0 0 0
3621 3 0 0 0 0 0 0
7470 11 7 22 5 2 0 1
7680 11 7 8 3 1 0 1
5702 5 0 0 0 0 0 0
7122 3 0 0 0 0 0 0
6584 3 0 0 0 0 0 0
8710 8 93 1 5 0 12 3
8446 8 94 0 3 0 0 3
8137 9 94 2 3 0 12 3
7630 9 96 6 6 1 11 3
7096 10 97 4 8 0 10 2
7244 11 99 15 13 4 11 1
3824 1 0 0 0 0 0 0
9177 3 0 0 0 0 0 0
19010 8 5 3 13 4 0 3
18740 7 5 1 7 1 0 3
13920 6 6 2 6 1 0 1
0 7 0 8 0 0 9 0
0 7 96 0 4 0 11 0
0 6 96 0 6 0 10 0
0 7 96 0 0 0 10 0
0 6 97 0 0 0 11 0
0 10 97 0 0 0 10 0
4578 5 0 0 0 0 0 0
5702 5 0 0 0 0 0 0
7826 8 94 1 2 0 11 3
8045 8 94 2 2 0 11 3
8257 8 94 3 3 0 12 3
8260 8 94 2 2 0 11 3
8710 7 94 3 4 0 12 3
7554 9 97 5 2 3 11 2
7136 10 98 18 3 0 11 1
9608 5 0 0 0 0 0 0
6940 5 0 0 0 0 0 0
17620 6 4 2 2 1 0 3
18050 7 5 3 4 1 0 0
0 8 94 0 0 0 9 0
0 6 95 4 7 0 9 Ü
0 9 96 0 5 0 10 0
0 8 98 0 0 2 10 0
8245 9 94 0 2 0 12 3
8373 8 94 2 3 0 11 3
7945 10 95 3 3 0 11 2
7056 10 97 4 4 0 11 2
7483 10 97 0 5 0 11 3
7451 11 98 14 5 0 11 1
7220 10 98 16 5 0 11 1
7057 5 0 0 0 0 0 0
10340 6 4 0 2 6 0 3
15
15
15
15
12
9
16
16
16
16
15
16
16
15
15
15
16
6
11
16
16
11
16
16
16
16
15
15
13
16
16
16
15
16
15
16
16
16
9
16
16
16
16
16
16
15
16
16
15
15
16
16
11
13
181 .
----------------  5 6 7 . 0 2_  3 3 112 16 10 -  8 1 4 Q 5 0 0 0 0 0 0
5 7 0 . 0 2 3 4 128 24 15 16860 10 7 3 1 1 0 0
5 6 8 . 0 2 3 4 160 24 16 0 9 97 0 9 0 9 0
5 5 8 . 0 2 3 4 192 24 15 0 9 96 0 0 0 11 0
5 5 7 . 0 2 3 4 192 24 15 0 9 97 0 0 0 11 0
3 7 3 . 0 2 4 4 48 16 16 4860 5 0 0 0 0 0 0
3 6 3 * 0  - 2 4 48 18  16 5174 5 0 0 0 0 0 0
3 6 1 . 0 2 4 2 48 16 11 3468 5 0 0 0 0 0 0
3 7 0 . 0 2 4 4 64 16  16 5397 5 0 0 0 0 0 0
3 6 0 . 0 2 4 1 64 16 16 6754 3 0 0 0 0 0 0
3 6 6 . 0 2 4 4 64 24 16 7610 8 7 6 3 1 0 2
3 6 9 . 0 2 4 4 64 24 16 7220 10 8 10 2 3 0 2
3 6 8 . 0 2 4 4 64 24 16 7680 10 8 5 4 1 0 2
3 6 7 . 0 2 4 4 64 24 16 7250 11 8 8 3 1 0 1
3 6 4 . 0 2 4 3 96 24 16 12920 9 6 3 1 1 0 3
3 6 2 . 0 2 4 2 96 24 16 12900 9 7 9 2 4 0 2
3 7 2 . 0 2 4 4 128 24 16 16650 7 5 1 2 1 0 2
3 7 1 , 0 2 4 4 128 24 16 15780 9 7 9 3 0 0 1
3 6 5 . 0 2 4 4 128 24 16 16370 10 8 3 1 3 0 2
2 4 9 . 1 2 5 3 48 16 6 1 964 3 0 0 0 0 0 0
2 4 9 . 0 2 5 3 48 16 7 2198 3 0 0 0 0 0 0
2 5 9 . 2 2 5 4 48 16 6 1 705 3 0 0 0 0 0 0
2 5 9 . 1 2 5 4 48 16 9 2354 3 0 0 0 0 0 0
2 3 8 . 2 2 5 4 64 16 8 3200 3 0 0 0 0 0 0
2 5 8 . 1 2 5 4 64 16 6 2320 3 0 0 0 0 0 0
2 5 8 . 0 2 5 4 64 16 6 0 3 0 0 0 0 0 0
2 5 4 . 0 2 5 4 64 24 16 7610 7 7 10 9 1 0 1
2 5 7 . 0 2 5 4 64 24 16 7970 10 10 14 4 3 0 1
2 5 5 . 0 2 5 4 64 24 16 7700 10 97 8 4 3 11 1
2 5 6 . 0 2 5 4 64 24 12 7969 10 98 9 6 0 11 1
2 5 3 . 0 2 5 4 96 16 9 5113 3 0 0 0 0 0 0
r 2 5 2 . 0 2 5 4 96 16 7 4211 3 0 0 0 0 0 0
2 5 0 . 0 2 5 2 112 16 6 3696 5 0 0 0 0 0 0
? 2 5 1 . 0 2 5 4 128 24 15 15810 11 7 17 2 5 13 1
* 1 2 9 . 0 2 6 4 48 16 16 4948 3 0 0 0 0 0 0
1 3 1 . 0 2 6 4 64 24 16 7990 11 8 24 28 2 0 1
- 1 3 0 . 0 2 6 4 64 24 16 7850 11 8 20 10 5 11 1
1 3 3 . 0 2 6 2 64 24 6 4180 10 94 6 0 0 12 1
1 3 2 . 0 2 6 2 96 24 8 6170 10 9 24 5 2 0 1
1 2 6 . 0 2 7 1 48 16 11 3213 5 0 0 0 0 0 0
1 2 8 . 0 2 7 4 64 16 16 6040 3 0 0 0 0 0 0
1 2 7 . 0 2 7 4 64 24 16 7220 11 7 31 3 7 0 1
4 9 7 . 0 3 1- - 4- 64 2 ^ 16 9817 6 93 0- 5 2 12 3
4 9 6 . 0 3 1 4 64 24 16 9100 9 93 2 2 0 11 3
4 8 1 . 0 3 1 2 64 24 16 9475 —8 93 1 3 0 12 3
4 9 9 . 0 3 1 4 64 24 16 8431 10 94 0 10 2 11 3
4 9 8 . 0 3 1 4 64 24 16 8678 7 94 1 15 0 11 3
5 0 2 . 0 3 1 4 64 24 15 7371 11 96 8 11 3 11 1
—  5 0 0 .0 ------  a- 1 4— 64- 24- 15-----7206 - 1 0 - 9 6  3 23 0 11 2 -
5 0 1 . 0  3 1 4  64  24  15 6992  10 98  18 17 0 11 1
-----------4 8 0 . 0  - U  1 —  96  24  15 13410 -  6 -  4 9 _  2  3 0 3
4 8 7 . 0  3 1 4  96  24  10 8980  8 5 0 6 1 0 2
4 8 2 . 0  3  1 3 128  16  8  6970  -5  -  0 0- -0  0 0 0—
4 8 3 . 0  3 1 4 128  24  13 15150  7 6 2 1 4 0 3
182 .
4 9 5 . 0 - 3-  1 <4 192 16 10 1 4 3 2 4 5 o 0 o o o o
4 8 6 . 0 3 1 4 192 24 15 0 7 97 0 3 0 10 0
—  4 8 4 * 0 3 L 4 192 24 14 0 7 97 2 6 4 10 o
4 8 5  • 0 3 1 4 192 24 16 0 9 98 8 2 0 10 0
5 1 2 . 0 3 2 1 64 24 16 925 0 7 93 4 4 o 1 1 3
4 9 1 . 0 3 2 4 64 24 16 9491 6 93 1 3 0 11 3
4 9 3 . 0 3 2 4 64 24 16 805 0 7 94 3 2 3 11 3
4 9 2 . 0 3 2 4 64 24 16 8 9 0 2 7 94 3 3 11 11 3
4 8 8 . 0 3 2 4 64 24 16 8 7 4 1 9 94 0 0 2 1L 3
4 9 4 . 0 3 2 4 64 24 16 7 7 0 2 10 95 6 8 2 11 2
4 8 9 . 0 3 2 4 64 24 16 7 7 4 4 10 95 5 3 0 10 1
<»90.0 3 2 4 64 24 16 7 1 8 7 11 96 18 13 0 11 1
5 0 7 . 0 3 2 4 96 16 16 1 0 3 3 5 5 0 0 0 0 0 0
5 1 1 . 0 3 2 2 96 24 14 1 1 9 1 0 0 0 3 5 1 0 3
5 1 0 . 0 3 2 4 160 24 16 0 7 6 0 5 1 9 0
5 0 4 . 0 3 2 4 192 24 11 0 7 95 6 0 0 10 0
5 0 3 . 0 3 2 4 192 24 16 0 6 96 5 2 2 10 0
5 0 5 . 0 3 2 4 192 24 16 0 6 97 3 13 2 10 0
1 9 1 . 0 3 3 1 48 16 7 2 2 8 5 2 0 0 0 0 0 0
2 0 2 . 0 3 3 4 64 24 16 0 8 7 0 0 0 0 0
2 0 1 . 0 3 3 4 64 24 16 7 8 9 0 8 7 14 4 2 0 2
2 0 1 . 1 3 3 4 64 24 16 7 4 8 0 10 8 17 4 1 0 1
2 0 0 . 0 3 3 4 64 24 16 7 1 9 0 10 8 31 8 5 0 1
1 9 8 . 0 3 3 4 64 24 16 8 2 1 0 8 95 4 5 0 11 3
1 9 7 . 0 3 3 4 64 24 16 8 9 1 2 7 95 0 0 3 11 3
1 9 9 . 0 3 3 4 64 24 16 7 5 0 2 10 98 10 2 0 11 1
1 9 3 . 0 3 3 2 96 24 0 0 0 0 0 0 0 0 0
2 0 3 . 0 3 3 3 96 24 10 8 6 5 0 6 4 5 3 7 11 3
1 9 5 . 1 3 3 4 96 24 14 1 1 7 6 0 7 4 5 1 2 0 3
1 9 4 . 0 3 3 4 128 24 16 1 6 9 2 0 7 5 6 2 2 0 2
1 9 2 . 0 3 3 1 128 24 15 17090 9 - 6 8 4 1 0 3
1 9 6 . 0 3 3 4 128 24 16 18 2 2 0 10 7 8 2 2 0 2
H 9 5 . 0 3 3 4 128 24 16 17 0 1 0 10 9 6 3 10 0 2
3 2 3 . 0 3 4 1 48 16 16 4 8 8 2 3 0 0 0 0 0 0
" 3 3 5 . 0 3 4 4 64 16 16 6 6 3 7 5 0 0 0 0 0 0
3 2 6 . 0 3 4 3 64 16 13 5 0 1 2 3 0 0 0 0 0 0
3 3 2 . 0 3 4 4 64 24 15 708 0 10 8 13 13 2 0 2
3 2 9 . 0 3 4 4 64 24 16 7 550 10 8 21 10 2 0 1
3 2 8 . 0 3 4 4 64 24 16 8 4 2 0 9 10 15 3 2 0 2
3 3 1 . 0 3 4 4 64 24 16 7 8 0 8 10 96 6 4 0 11 2
3 3 0 . 0 3 4 4 6 4 24 16 7211 11 98 13 4 0 11 1
3 2 5 . 0 3 4 2 80 16 12 5 9 0 2 4 0 0 0 0 0 0
- 3 3 4 , 0 - 3 4 4 128 2 ^ 16 1 8 0 0 0 -9- 6 - 9 2 2 0 2
3 3 3 . 0 3 4 4 128 24 16 16 9 0 0 9 6 15 2 5 0 2
3 2 7 . 0 - 3 4 4 128 24 14 14 9 0 0 9 6 11 1 2 0 1
1 1 3 . 0 3 5 3 48 16 16 2 6 7 8 3 0 0 0 0 0 0
1 1 9 . 0 - 3 5 4 - 64 16 12 4 9 7 2 2 0 0 0 0 -  a 0-
1 1 W 0 3 5 2 64 16 14 5 9 6 2 5 0 0 0 0 0 0o O A 1 C. 7 8 1 0i  r 4 .  1 j -D 4 04 8 &— - 5- -  1 —  0- -3—
1 1 2 . 0 3 5 1 64 24 15 7530 6 6 5 6 2 0 3
1 1 8 . 0 3 5 4 64 24 15 7 7 6 0 9 7 16 7 -  1 11 2
1 1 6 . 0 3 5 4 64 24 15 7 010 11 7 27 4 1 0 1
1 1 4 . 0 — 3 5 3 64 24 15 707 0 10 7 2 2 3 0 2
1 1 7 . 0 3 5 4 64 24 15 693 0 11 9 34 8 1 0 1
183 .
_______________  1 1 5 r O - 3 - 9 6 2 4 15 1 1 8 6 0 9 6 1 6 3 3 l l l
3 2  •  0 3 6 1 4 8 16 13 3 9 4 7 3 0 0 0 0 0 0
8 9 . 0 3 6 4 6 4 16 16 6 4 5 9 3 _ 0 _ 0 0 0 0 0
8 7 . 0 3 6 4 6 4 2 4 0 0 0 0 0 0 0 0 0
8 8 . 0 3 6 4 6 4 2 4 16 7 6 8 0 11 7 2 5 3 2 0 1
8 6 . 0 3 6 4 6 4 24 16 7 8 8 0 11 7 3 3 6 1 0 1
_______________  8 5 . 0 3 6 4 6 4 2 4 16 7 7 7 0 7 7 10 1 1 10 2
- 8 * ,  0 3 6 3 80 16 11 6 0 8 8 3 0 0 0 0 0 0
1 8 0 . 0 4 1 2 4 8 16 9 3 1 4 8 3 0 0 0 0 0 0
1 8 5 . 0 4 1 4 6 4 2 4 16 9 2 1 0 8 6 3 7 2 0 2
1 8 9 . 0 4 1 4 6 4 2 4 1 6 8 0 7 0 8 9 10 12 3 0 2
1 8 8 . 0 4 1 4 6 4 2 4 1 6 8 1 4 0 10 9  1 6 1 6 5 10 2
1 8 6 . 0 4 1 4 6 4 2 4 16 7 3 9 0 10 10  16 2 6 2 0 1
1 8 7 . 0 4 1 4 6 4 2 4 15 9 0 4 7 9 9 4  1 4 0 1 2 2
1 8 1 . 0 4 1 1 9 6 16 16 1 1 9 1 3 5 0 0 0 0 0 0
1 3 4 . 0 4 1 4 9 6 2 4 14 1 3 6 8 0 9 4  10 5 2 0 1
1 8 2 . 0 4 1 3 9 6 2 4 16 1 5 5 5 0 6 4  13 1 2 0 3
1 8 3 . 0 4 1 4 1 2 8 2 4 15 1 7 8 9 0 11 6 1 3 2 0 1
1 9 0 . 0 4 1 4 1 2 8 2 4 16 2 0 3 5 0 10 8 16 3 2 0 1
2 4 7 . 0 4 2 1 4 8 16 11 3 1 5 7 3 0 0 0 0 0 0
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----------  2 3 5 0 . 0 - 24- 3 3 96 24 16 12900 9 6 14 7 1 l b 2
2 2 6 3 . 0 24 4 4 64 24 0 0 0 0 0 0 0 0 0
2 2 6 6 . 0 24 4 4 64 24 0 0 - 0 0 0 0 0 0 0
2 2 6 1 . 0 24 4 4 64 24 0 0 0 0 0 0 0 0 0
2 2 6 2 . 0 24 4 -4 64 24 16 7290 11 7 73- 9 3 0 1
2 2 0 1 . 0 24 5 4 64 24 0 0 0 0 0 0 0 0 0
2 2 0 0 . 0 24 5 4 64 24 15 7120 11 7 20 2 2 0 1
2 0 2 3 . 0 25 1 3 48 16 16 3988 3 0 0 0 0 0 0
- 2 0 2 2 . 0 25 1 4 48 16 8 3217 3 0 0 0 0 0 0
2 0 2 1 . 0 25 1 4 64 24 16 9060 8 6 9 3 4 10 2
2 0 1 8 . 0 25 1 4 64 24 15 8310 8 7 5 4 10 0 2
2 0 1 9 , 0 25 1 4 64 24 15 7780 11 9 20 23 1 0 1
2 0 2 0 . 0 25 1 4 64 24 16 8320 11 9 19 11 19 0 1
2 0 1 7 , 0 25 1 1 80 16 16 10150 3 0 0 0 0 0 0
2 0 2 4 . 0 25 1 3 80 16 15 8013 3 0 0 0 0 0 0
2 1 1 2 . 0 25 2 3 48 16 13 4750 3 0 0 0 0 0 0
2 1 1 0 . 0 25 2 4 48 16 16 4398 4 0 0 0 0 0 0
2 1 0 7 . 0 25 2 4 64 24 16 8460 8 6 13 7 2 0 2
2 1 1 1 . 0 25 2 3 64 24 16 8530 9 7 13 9 2 0 2
2 1 0 8 . 0 25 2 4 64 24 16 7760 11 8 36 13 3 10 1
2 1 0 9 . 0 25 2 4 64 24 14 7160 11 8 27 2 6 0 2
2 1 5 7 . 0 25 3 2 48 l b  15 5345 2 0 0 0 0 0 0
2 1 6 0 . 0 25 3 4 b4 24 0 0 0 0 0 0 0 0 0
2 1 5 8 . 0 25 3 4 64 24 0 0 0 0 0 0 0 0 0
1 9 5 .
— 2 1 5 9  • 0 2 5 3- 4 64 2 4 _ 0 0 - 0- n o n o o o
2 1 0 1 . 0 2 5 4 4 4 8 16 13 4 3 4 4 5 0 0 0 0 0 0
2 1 0 0 . 0 25 4 4 48 16 13 4 0 2 9 5 0 0 o o o o
2 0 9 8 . 0 2 5 4 2 6 4 16 16 6 1 7 0 4 0 0 0 0 0 0
—  2 0 9 9 . 0 2 5 4 4 6 4 2 4 0 _ 0 _ a. _ 0 0 0 0 0 0
2 2 5 3 . 0 26 1 1 4 8 16 15 6 0 5 8 3 0 0 0 0 0 0
2 2 5 4 . 0 2 6 1 2 6 4 16 1 2 6 3 0 8 3. 0 0 Ü 0 0 0
2 2 5 8 . 0 2 6 1 4 6 4 24 0 0 0 0 0 0 0 0 0
2 2 5 6 . 0 2  A 1 4 64 2 4 0 0 0 Q 0 0 0 0 0
2 2 5 5 . 0 2 6 1 4 64 24 16 9 8 1 0 7 4 2 3 4 0 2
2 2 5 7 . 0 2 6 1 4 64 24 14 . 7 2 0 0 11 8 8 9 2 o 1
2 2 5 2 . 0 26 1 3 9 6 2 4 15 1 2 7 5 0 11 7 4 3 7 14 1
- - .PP.1.7 n PA 3 4__ 64 24 1 A 8420- 1 0 7 a 3 z o p
2 2 1 5 . 0 2 6 3 4 64 24 16 8 5 3 0 11 7 10 2 2 0 1
2 2 1 6 * 0 2 6 a 4 64 24 1 6 - 7 5 4 0 11 - a 2 3 3 2 ^ 0 L
2 4 - 0 2 . 0 2 7 1 1 48 16 13 4 2 8 0 2 0 0 0 0 0 0
- 2 3 9 2 . 0 - 2 7 1 3 64 1 A 15 6 5 6 9 3_ 0 0 o o o Q
2 * 0 1 . 0 27 1 4 64 16 14 6 5 9 1 2 0 0 0 0 0 0
2 3 9 8 «  0 27 1- 4 A4_P 4 - 0 0 n 0 Q o o n 0
2 4 0 0 . 0 27 1 4 64 2 4 0 0 0 0 0 0 0 0 0
P 3 9 Q . o 2 7 1 4_ A4 3 4 . 16 8 160 1 1 8 L2 26 - z o 1
2 3 9 3 . 0 2 7 1 3 96 24 15 1 1 5 2 0 11 7 4 2 5 14 1
2 3 6 P . 0 27 p 1- A 4^ _ 1 A 12 4 97 4 3 a  o a o n a
2 3 6 6 . 0 27 2 4 6 4 16 15 6 0 9 3 3 0 0 0 0 0 0
P 3 AT _ n__ P 7 2 - 3 _ _A4 1A 1 5 60 0 5 3_ 0 Q o 0 Q 0
2 3 6 5 . 0 2 7 2 4 64 24 15 7 4 6 0 6 7 6 5 2 12 2
2 3 6 3 . 0 27 2 4 64 24 15 7 4 5 0 11 7 6 1 1 0 1
2 3 6 4 . 0 2 7 2 4 64 24 16 8 0 5 0 11 8 37 1 1 0 1
2 3 3 8 . 0 27 3 2 48 16 16 4 8 1 4 4 0 0 .. 0 Q 0 0_
2 3 3 9 . 0 27 3 4 64 16 16 5 9 5 8 3 0 0 0 0 0 0
2 3 4 0 . 0 2 7 3 4 _ 64 2 4 0 0 0 0 0 0 0 0 0
2 3 * 2 . 0 2 7 3 4 64 24 0 0 0 0 0 0 0 0 0
2 3 4 1 . 0 2 7 3 4 64 24 16 7 7 2 0 11 8 19 2 5 0 1
2 0 7 2 . 0 27 4 4 64 24 13 5 5 6 0 11 8 25 8 3 0 1
2 0 7 1 , 0 2 7 4 4 64 24 13 5 6 1 0 11 8 31 13 4 0 1
2 0 5 5 . 0 28 1 4 48 16 16 4 3 2 6 2 0 0 0 0 0 0
2 0 5 6 . 0 2 8 1 4 - 64 16 14 6 3 2 7 3 0 0 0 0 0 0
2 0 5 3 . 0 2 8 1 3 64 2 4 0 0 0 0 0 0 0 0 0
2 0 5 4 . 0 2 8 1 4 6 4 24 16 8 5 0 0 7 7 10 7 5 0 2
2 0 5 5 . 1 2 8 1 4 64 2 4 16 7 4 3 0 11 8 48 14 3 0 1
2 0 0 6 . 0 28 2 2 6 4 16 9 4 2 1 1 3 0 0 0 0 0 0
2 0 0 8 . 0 2 8 2 4 6 4 2 4 16 8 0 5 0 11 7 3 9 8 2 0 1
2 0 0 7 . 0 28 2 4 6 4 2 4 16 8 1 8 0 11 7 13 1 2 12 1
2 0 9 2 . 0 2 8 3 4 64 24 16 8 1 0 0 11 6 2 4 3 3 Ü 1
2 0 9 1 . 0 2 8 3 4 64 24 16 7 9 5 0 11 7 4 6 10 8 0 1
2 1 3 5 . 0 2 9 1 4 48 16 16 5 6 0 2 3 0 0 0 0 0 0
2 1 3 1 . 0 2 9 1 1 48 16 11 4 1 8 5 3 0 0 0 0 0 0
2 1 3 4 . 0 2 9 1 4 64 24 0 0 0 0 0 0 0 0 0
2 1 3 3 . 0 29- -1- 4 6 4 24 0 0 0 0 —  0 0 -  0 0 0
2 1 3 2 . 0 2 9 1 4 64 24 0 0 0 0 0 0 0 0 0
2 1 3 6 . 0 2 9 1 3 96 24 16 1 3 3 1 0 11 6 9 5 4 12 1
2 1 2 3 . 0 29 3 3 48 16 0 0 0 0 0 0 0 0 0
2 1 2 6 . 0 29 3 4 6 4 16 16 6 4 0 3 3 0 0 0 - 0 0 0
2 1 2 5 . 0 2 9 3 4 64 24 0 0 0 0 0 0 0 0 0
196.
2 1 2 4 . 0 29 3 4- 64 24 1 6- 7 4 8 0 9 7 17 5 3 —  0 2
2 0 7 6 . 0 29 4 4 64 24 16 7 3 3 0 10 7 40 1 1 2 0 1
2 0 7 5 . 0 29 4 4 64 24 16 7 0 5 0 11 7 46 15 2 0 1
2 0 8 1 . 0 30 1 3 48 16 12 4 2 7 7 3 0 0 0 0 0 0
2 0 8 0 . 0 30 1 4 48 16 12 _ 4 3 3 6 5 0 0 0 0 0 0
2 0 7 7 . 0 30 1 3 64 24 0 0 0 0 0 0 0 0 0
______ 2 0 7 8 . 0 - 30 L 4. 64 2^ 13 6 6 4 0 11_ 7 43 b 1 o 2
2 0 7 9 . 0 30 1 4 64 24 13 6 9 1 0 11 8 24 6 10 9 1
2 1 6 4 * 0 30.. 2 4 64 16 15 7 0 1 6 3 0 0 0 0 0 0
2 1 6 1 , 0 30 2 3 64 16 16 7 6 3 4 3 0 0 0 0 0 0
------------ 2 1 6 3 * 0 - 3 0 2 4 64 24 - 0 0 0 0 0 0 0 0 0
2 1 6 2 . 0 30 2 4 64 24 0 0 0 0 0 0 0 0 0
------------22 0 9 , 0 30 3_ 4 . 6 4 _ ? 4 0 0 .- 0 0 0 o 0 Q 0
2 2 0 6 * 0 30 3 4 64 24 16 8 3 5 0 11 7 2b 3 1 0 1
2 3 1 5 . 0 31 1 4 48 16 14 5 4 5 0 3 0 0 0 0 0 0
2 8 1 4 . 0 31 1 4 48 16 13 5 0 6 9 3 0 0 0 0 0 0
______ 2-391 #-Q 31 1 2 48 16 16 5 9 1 3 5 0 0 o o Q 0
2 9 1 3 . 0 31 1 4 64 24 0 0 0 0 0 U 0 0 0
------------ 2 8 l 2 r f t - —3 1- 1 4— 64 24 . 16 9 3 5 0 _ 9 7 l a 6 8 Q 2
2 9 1 1 . 0 31 1 4 64 24 16 9 1 0 0 11 8 20 6 8 0 1
....  . 2 8 0 8 . 0 3 1 - 1 3 80 16 9 5 257 2 0 Q Q Q o o
2 8 1 0 . 0 31 1 3 96 24 0 0 0 0 0 0 0 0 0
- ----- 2 8 0 9 , 0 31 1 3 96 24 13 11 4 5 1 1 0 7 25 o 1 1 X1 2
2 0 3 1 , 0 31 2 4 48 16 16 5 2 5 5 3 0 0 0 0 0 0
- PQ2 5 . 0 . - a1 P 1... 48 1 6 12 o a o a o Q n o
2 0 2 9 . 0 31 2 4 64 24 0 0 0 0 0 0 0 0 0
2 0 2 7 , 0 31 2 4 64 24 16 8 9 5 0 7 5 10 3 7 0 3
2 0 3 0 . 0 31 2 4 64 24 15 7 7 3 0 8 8 37 9 3 0 2
2 0 2 8 , 0 31 2 4 64 24 16 7 8 4 0 10 8 33 5 7 0 2
2 0 2 5 . 1 31 2 1 64 24 16 7 1 3 0 11 8 59 12 0 11 1
2 0 2 6 . 0 31 2 2 80 16 11 6 3 1 8 2 0 0 0 0 0 0
2 0 3 3 . 0 31 2 3 80 16 14 7 5 3 6 4 0 0 0 0 0 0
2 0 3 2 . 0 31 2 3 96 24 14 11 7 1 0 9 5 3 2 3 11 2
2 1 4 4 . 0 31 3 1 48 16 11 3 8 4 7 3 0 0 0 0 0 0
2 1 4 8 . 0 31 3 4 64 16 16 6 3 5 0 4 0 0 0 0 0 0
2 1 4 6 . 0 31 3 4 64 24 0 0 0 0 0 0 0 0 0
2 1 * 5 . 0 31 3 4 64 24 0 0 0 0 0 0 0 0 0
2 1 * 7 . 0 31 3 4 64 24 0 0 0 0 0 0 0 0 0
2 1 4 9 . 0 31 3 3 96 24 16 1 2 6 4 0 8 7 7 3 3 0 2
2 1 7 8 . 0 31 4 3 48 16 12 3 7 4 8 3 0 0 0 0 0 0
2 1 8 0 . 0 31 4 4 64 24 0 0 0 0 0 0 0 0 0
2 1 7 9 , 0 31 4 4 64 24 0 0 0 0 0 0 0 0 0
2 1 8 1 . 0 31 4 4 64 24 0 0 0 0 0 0 0 0 0
2 7 4 8 . 0 32 1 4 48 16 16 5 6 4 8 5 0 0 0 0 0 0
2 7 4 7 , 0 32 1 4 64 16 16 6 661 4 0 0 0 0 0 0
2 7 4 9 , 0 32 1 4 64 16 15 6 6 8 8 3 0 0 0 0 0 0
2 7 4 5 . 0 32 1 4 64 24 0 0 0 0 0 0 0 0 0
2 7 4 6 . 0 32 1 4 64 24 0 0 0 0 0 0 0 0 0
2 7 * 1 . 0 32 1 3 80 16 10 6 0 5 4 3 0 0 0 0 0 0
2 7 4 4 . 0 32 1 4 96 16 7 4 8 1 2 3 0 0 0 0 0 0
2 7 4 3 . 0 32 1 4 96 24 12 1 0 4 7 8 8 8 0 0 10 10 2
2 7 4 2 . 0 32 1 4 128 24 14 1 5 2 4 0 11 6 11 2 3 0 1
1 9 7 1 . 0 32 2 4 64 16 16 6 9 6 2 3 0 0 0 0 0 0
1 9 6 5 . 0 32 2 2 64 24 15 8 2 3 0 9 6 14 3 2 0 3
1 9 7 .
_______ 1 9 7 0  *-0 - 3 2 2- 4- - 6 4 - 2 ^ 16- 7 L30 -LL 7 2 0 8 2 o l
1 9 6 7 . 0 3 2 4 6 4 2 4 16 8 5 0 0 7 7 19 4 3 0 2
1 9 6 9 . 0 3 2 2 4 6 4 2 4 16 8 4 1 0 11 3 4 0 6 5 0 2
1 9 6 8 . 0 3 2 2 4 6 4 2 4 16 7 8 8 0 11 3 30 8 6 9 1
__  1 9 7 3 * 0 2?  2 3 80 1 6 1 6 9 8 1 7 2 0 0 0 0 0 0
1 9 6 6 . 0 3 2 2 4 80 16 14 8 1 3 4 3 0 0 0 0 0 0
l_9-7 2 * 0 — 12„82Ql 9 7 8 1 3 0 2
1 9 5 6 . 0 3 2 3 2 4 8 16 14 4 5 3 5 3 0 0 0 0 0 0
________1 9 5 5 . 0 - 3 2 2 4 6 4 1 6 1 6 6 4 5 2 5 0 0 0 0 0 0
1 9 5 3 . 0 3 2 3 4 6 4 2 4 16 7 5 5 0 9 7 2 8 15 3 0 2
1 9 5 2 . 0 3 2 - 3 4 6 4 2 4 1 6 7 6 2 0 9 7 7 4 2 0 2
1 9 5 4 . 0 3 2 3 4 6 4 2 4 1 6 7 2 9 0 10 8 2 4 10 3 0 1
___ 1 9 5 3 . 1 3 2 3 4-- 6 4  2 4 1 6 731 ft 1 1 8 2 ? 5 4 a 1
1 9 5 7 . 0 3 2 3 3 9 6 2*+ 1 6 1 1 8 0 0 10 9 1 6 1 0 1
-------- 2 7 5 0 . 0 3 3 1 3 4 8 1 6 9 3 6 0 8 a 0 0 0 0 Q 0
2 7 5 5 . 0 3 3 1 4 9 6 16 16 1 1 3 5 0 3 0 0 0 0 0 0
2 7 5 4 . . 0 3 3 I 4 9 6 16 1 0 7 2 1 8 . 4 0 0 o 0 Q 0
2 7 5 3 . 0 3 3 1 4 1 1 2 16 16 1 3 2 7 2 4 0 0 0 0 0 0
2 7 5 2 . 0 3 3 1 4  L2ft 1 ö__1 3 0 0 0 o CL o o o
2 7 5 1 . 0 3 3 1 4 1 2 8 16 13 1 1 3 4 0 5 0 0 0 0 0 0
_______  2 7 5 1 . 1 3 3 L 4 1 2 8 2 4 14 1 7 0 7 0 10 6 6 2 5 0 1
2 2 6 7 . 0 3 3 2 2 6 4 16 9 4 4 5 5 3 0 0 0 0 0 0
2 2 5 9 . 0 3 3 2 1 6 4 1 6 1 3 6 5 2 0 a 0 - 0 0 - _ 0 0 0_
2 2 6 0 . 0 3 3 2 2 6 4 16 11 5 5 8 7 3 0 0 0 0 0 0
___  - 2 2 7 1 * 0 3 3 2 4 6 4 2 4  - 13- 7 6 1 0 6 4 6 3 1 Q 3
2 2 6 9 . 0 3 3 2 4 6 4 2 4 16 8 8 1 0 10 6 0 5 6 9 3
--------  2 2 7 0 . 0 3 3 2 4 6 4 2 4 16 8 5 0 0 10 8 11 _ 6 13 0 2
2 2 6 8 . 0 3 3 2 4 6 4 2 4 15 8 5 2 0 10 3 7 0 1 0 1
2 2 7 2 . 0 3 3 2 3 9 6 2 4 l b 1 3 9 7 0 10 7 10 2 3 0 1
1 9 6 3 . 0 3 3 3 4 4 8 1 6 10 3 5 0 3 3 0 0 0 0 0 0
- 1 9 6 2 . 0 3 3 3 4 6 4 16 15 6 3 6 4 3 0 0 0 0 0 0
1 9 5 9 . 0 3 3 3 4 6 4 2 4 15 8 0 1 0 7 6 4 4 3 10 2
1 9 6 1 . 0 3 3 3 4 6 4 2 4 15 7 2 8 0 11 7 21 4 2 0 1
1 9 6 0 . 0 3 3 3 4 6 4 2 4 15 7 3 2 0 11 7 3 8 9 4 0 1
1 9 5 8 . 0 3 3 3 2 9 6 16 0 0 0 0 0 0 0 0 0
1 9 6 4 . 0 3 3 3 3 9 6 2 4 15 11 6 3 0 7 4 1 2 4 13 3
1 9 8 6 . 0 3 3 4 3 6 4 16 11 4 0 8 8 3 — 0 0 0 0 0 0
1 9 8 9 . 0 3 3 4 4 6 4 2 4 0 0 0 0 0 0 0 0 0
1 9 8 7 . 0 3 3 4 4 6 4 2 4 16 7 1 9 0 11 3 3 8 3 0 1
1 9 8 8 . 0 3 3 4 4 6 4 2 4 16 7 3 0 0 11 9 3 9 8 5 9 1
2 1 2 1 . 0 3 4 1 2 6 4 16 11 5 8 8 4 3 0 0 0 0 0 0
2 1 2 0 . 0 3 4 1 4 6 4 1 6 14 6 7 1 5 3 0 0 0 0 0 0
2 1 1 6 . 0 - 2 4 - 1 1 - 64- - 1 6 - — 9 -  4 9 9 8 - 3  _- 0 -  0 0 0 0 0
2 1 1 7 . 0 3 4 1 4 6 4 2 4 15 9 3 7 0 6 4 7 3 3 0 2
2 1 2 2 . 0 3 4 1 3 6 4 2 4 1 6 1 0 0 4 0 7 6 6 4 5 0 3
2 1 1 8 . 0 3 4 1 4 6 4 2 4 15 8 3 0 0 11 3 13 6 1 5 0 1
2 1 1 9 . 0 3 4 1 4 6 4 2 4 1 4 8 1 0 0 11 3 13 11 2 10 1
2 1 5 5 . 0 3 4 2 4 4 8 16 16 5 6 1 7 3 0 0 0 0 0 0
2 1 5 3 , 0 3 4 2 4 6 4 2 4 0 0 - 0 a 0 Q 0 o 0
2 1 5 2 , 0 3 4 2 4 6 4 2 4 0 0 0 0 0 0 0 0 0
2 1 5 4 . 0 3 4 2 4 6 4 a 4 0 Q __ Q ..... 0 0 0 0 0 0
2 1 5 6 . 0 3 4 2 3 9 6 2 4 16 1 5 1 4 0 10 4 3 6 2 12 2
-----------2 1 8 9 , 0 3 4 3 3 „ 6 4 16 15 7 2 6 0 4 U 0 Q 0 0 0
2 1 9 3 . 0 3 4 3 4 6 4 16 14 6 9 1 2 3 0 0 0 a 0 0
1 9 8 .
2 1 9 2 . 0 34 3 4 64 24
2 1 9 1 . 0 34 3 4 64 24
2 1 9 0 . 0 34 3 4 64 24
2 7 9 8 . 0 35 1 2 48 16
2 8 0 3 . 0 3 5 1 4 48 16
2 8 0 7 . 0 35 1 4 48 16
---------------------  2 8 0 4 . 0 - 3 5 1 4 64 24
2 8 0 6 . 0 35 1 4 64 24
------------------------- 2 8 0 5 . 0 35 1 4 64 24
2 7 9 9 . 0 35 1 3 96 16
- 2 8 0 1 . 0 35 1 3 128 16
2 8 0 0 . 0 35 1 3 128 16
----------------------2902  •  0— 35 1 3 128 16
2 4 3 0 . 0 35 3 3 48 16
2 4 2 8 . 0 35 3 2 64 16
2 4 2 3 . 0 35 3 1 64 16
—  2 4 2 7 . 0 35 3 4 64 24
2 4 2 6 . 0 35 3 4 64 24
2 4 2 5 . 0 - 35 3 4 64 24
2 4 2 4 , 0 35 3 4 64 24
2 4 3 0 . 1 35 3 3 64 24
2 4 2 9 , 0 35 3 3 96 24
2 1 0 2 . 0 35 4 4 64 24
2 1 0 3 . 0 35 4 4 64 24
2 1 0 4 . 0 35 4~ 4 - 64 24
1 4 9 8 . 0 36 1 4 64 16
1 4 9 1 . 0 36 1 2 64 16
1 4 9 7 . 0 36 1 4 64 24
1 4 9 5 . 0 36 1 4 64 24
1 4 9 4 . 0 36 1 4 64 24
1 4 9 6 . 0 36 1 4 64 24
1 4 9 3 . 0 36 1 3 80 16
1 4 9 2 . 0 36 1 2 96 24
1 7 6 8 . 0 36 2 1 48 16
1 7 7 1 . 0 36 2 4 64 24
1 7 7 3 . 0 36 2 4 64 24
1 7 7 2 . 0 36 2 4 64 24
1 7 7 0 . 0 36 2 4 64 24
1 7 7 4 . 0 36 2 4 64 24
1 7 6 9 . 0 36 2 2 64 24
1 9 3 2 . 0 36 3 4 64 16
1 9 2 8 . 0 36 3 2 64 16
-  1 9 2 9 . 0 36 3 4 64 24
1 9 3 0 . 0 36 3 4 64 24
1 9 3 1 . 0 3 5 3 4 64 24
1 9 3 3 . 0 36 3 3 80 16
- 1 3 2 5 . 0 36 4 2 48 16
1 8 1 2 . 0 36 4 4 64 16
- 1 9 1 5 . 0 36 4 4 64 15
1 8 1 3 . 0 36 4 4 64 24
1 9 1 4 . 0 36 4 4 64 24
2 0 0 9 . 0 37 1 4 64 24
2 0 1 3 . 0 37 1 4 6 4 24
2 0 1 1 . 0 37 1 4 64 24
0 0 0 0 0 0 -  0 0
0 0 0 0 0 0 0 0
-  8250 11 6 5 3 5 0 1
4334 3 0 0 0 0 0 0
5636 5 0 0 0 0 0 0
5703 4 0 0 0 0 0 0
0 0 0 - _ 0 ____ o 0 o o
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
4928 3 0 0 0 0 0 0
11966 3 0 0 0 0 0 0
8241 3 0 0 0 0 0 0
- 1 2 5 7 5 3 0 0 - 0 0 -  0 0
5184 5 0 0 0 0 0 0
5461 5 0 0 0 0 0 0
5691 3 0 0 0 0 0 0
0 0 0 0 0 0 -  0 0
0 0 0 0 0 0 0 0
0 0 0 - 0 0 -  0 0 0
0 0 0 0 0 0 0 0
8430 6 7 19 2 4 0 2
12580 11 7 35 2 1 0 1
0 0 0 0 0 0 0 0
7420 9 7 26 9 3 10 2
7100 8 - a ~ 22 4 4 0 2
7475 3 0 0 0 0 0 0
4500 4 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
8080 7 3 6 7 1 0 3
8040 11 8 7 7 8 0 1
9230 4 0 3 0 0 0 0
11760 7 4 6 3 3 0 2
2286 3 0 0 0 0 0 0
0 0 0 0 0 0 0 0
8530 7 6 2 5 2 0 2
7630 11 7 14 4 1 0 1
8562 8 93 0 0 0 11 2
8219 11 94 0 3 0 11 1
8612 9 94 2 3 3 11 3
6144 3 0 0 0 0 0 0
3273 4 0 0 0 0 0 0
7560 9 6 4 6 3 9 2
7130 11 7 43 3 2 0 1
7350 11 8 32 2 3 0 1
7750 5 0 0 0 0 0 0
2696 3 0 0 0 0 0 0
3490 3 0 0 0 0 0 0
- 3 4 5 5 5 0 - 0 0 a —  0 -0
0 0 0 0 0 0 0 0
6720 11 9 37 8 5 0 1
9280 9 4 9 3 2 0 3
8610 -  9 7 12 2 4 0 2
7540 11 9 30 11 4 0 1
0
0
15
11
16
15
0
0
0
7
13
9
12
16
12
14
-  0
0
0
0
lb
16
0
16
15
16
9
0
0
13
16
16
13
7
0
16
16
16
16
15
16
8
16
16
16
16
10
10
10
0
15
15
16
16
1 9 9 .
? a i  n n 3l1 1 -4 6 4  2 4  16 30 70 9 . 9 12.. 9 7 Q z
2 0 1 2 . 0 37 1 4 64  24  16 7 4 4 0 11 9 3 2 6 1 0 1
2 0 1 5 . 0 37 1 ■*_ 96  16 15 1 1 4 9 3 3 0 0 U 0 0 0
2 0 1 6 , 0 37 1 2 96  2 4  14 1 2 6 2 0 9 6 1 2 2 0 2
--------2 0 1 4 . 0  - 3 7 1 3 1 2 8  2 4  16 1 8 2 6 0 8 6 3 3 4 10 2
1 9 9 0 , 0 37 2 1 48  16 16 6 0 4 8 3 0 0 0 0 0 0
1 99  3 . 0 - - 3 7 2 3 6 4 - 1 6 -  16 7 8 4 1 _ 3 . 0 0 0 0 0 0
1 9 9 7 . 0 3 7 2 4 64  24  16 8 4 8 0 8 7 2 2 7 9 2
___  1 9 9 4 . 0 37 2 4 6 4  a 4  16 8 1 1 0 9 7 3 3 3 0 2
1 9 9 6 . 0 3 7 2 4 6 4  2 4  16 7 6 1 0 1 1 3 2 8 3 0 1
1 9 9 5 , 0 37 2 4 6 4  2 4  1 6 - 7 5 6 0 - 10 9 3 2 2 4 0 1
1 9 9 1 , 0 37 2 2 80  16 16 9 3 3 8 5 0 0 0 0 0 0
1 9 9 2 . 0 37 2 2 9 6  2 4  16 1 3 2 0  0 10 6 6 3 - - 3 0 1
2 3 0 6 , 0 37 3 2 4 8  16 14 5 0 5 2 3 0 0 0 0 0 0
2 3 1 1 . 0 37 3 4 4 8  16 16 5 6 3 3 2 0 0 0 0 0 2
2 3 0 7 . 0 3 7 3 1 6 4  16 16 7 3 3 0 3 0 0 0 0 0 0
2 3 0 8 . 0 3 7 3 4 6 4  2 ^  0 0 0 0 0 0 0 0 0
2 3 1 2 . 0 3 7 3 3 64  24  16 8 2 0 0 9 6 5 8 2 0 0
- 2 3 1 0 . 0 3 7 3 4 6 4  24 16 7 7 9 0 8 7 15 4 2 0 2
2 3 0 9 , 0 3 7 3 4 64  24  16 7 4 7 0 11 8 44 10 3 0 1
2 3 1 4 . 0 3 7 4 2 4 8  16 14 4 6 5 2 3 - 0 0 0 0 0 0
2 3 1 5 . 0 37 4 3 4 8  16 13 4 2 8 4 3 0 0 0 0 0 0
2 3 1 3 . 0 3 7 4 1 4 8  16 16 4 9 2 8 5 0 0 0 0 0 0
2 3 1 8 . 0 3 7 4 4 64  24  0 0 0 0 0 0 0 0 0
2 3 1 7 . 0 3 7 4 4 6 4  2 4  16 7 3 3 0 11 8 4 5 17 0 11 1
2 3 1 6 . 0 3 7 4 4 6 4  24  16 7 5 6 0 10 3 17 7 18 0 2
1 9 4 6 . 0 3 7 5 4 64  16 9 3 4 4 1 4 0 0 0 0 0 0
1 9 4 5 . 0 37 5 4 6 4  24  14 6 1 4 7 3 0 0 0 0 0 0
1 9 4 4 , 0 37 5 4 6 4  24  14 6 5 6 0 11 7 19 3 3 0 1
1 9 4 - 5 . 1 37 5 4 64  2 4  14 6 1 2 0 11 7 47 15 2 0 1
2 7 8 5 . 0 38 1 2 4 8  16 13 5 2 2 4 3 0 0 0 0 0 0
2 7 7 8 . 0 3 8 1 4 48  16 16 6 0 0 9 5 0 0 0 0 0 0
2 7 8 2 . 0 38 1 4 4 8  16 15 5 6 5 4 3 0 0 0 0 0 0
2 7 8 0 . 0 38 1 4 64  2 4  0 0 0 0 0 0 0 0 0
2 7 & 1 . 0 3 8 1 4 6 4  24  0 0 0 0 0 0 0 0 0
2 7 7 9 . 0 3 8 1 4 6 4  24  14 7 1 9 0 10 7 8 3 2 0 1
? 7 8f l  . A 38 1 1 9 6  1 b 8 5 4 9 2 3 0 0 0 0 0 0
2 7 8 4 . 0 3 8 1 4 96  2 4  14 1 1 8 3 9 9 7 3 0 3 10 3
2 7 8 3 . 0 3 8 1 4 1 2 8  24  15 1 5 8 9 0 11 8 5 8 4 0 1
2 2 2 2 . 0 38 2 4 4 8  16 8 2 6 3 1 3 0 0 0 0 0 0
2 2 2 3 , 0 38 2 1 6 4  16 15 7 3 4 6 4 0 0 0 _ 0 0 0
2 2 2 0 . 0 38 2 4 6 4  24  0 0 0 0 0 0 0 0 0
? 2 1 ft . A 38 2 4- 6 4  2 4 — 0 0 0 - 0 0 o o o ou U 4 w 9 v
2 2 1 9 , 0 3 8 2 4 64  2 4  16 0 11 8 8 4 3 10 1
2 2 2  1 . 0 3 8 2 4 6 4  24  16 8 0 5 0 7 8 9 2 3 0 2
2 2 3 1 . 0 3 8 2 3 80 16 13 7 4 1 1 3 0 0 0 0 0 0
___ 2 2 3 0 . 0 3 8 2 3 96  24  16 1 1 8 8 0 10 7 8 2 3 13 1
2 2 3 6 . 0 3 8 3 4 48  16 16 5 0 1 6 2 0 0 0 0 0 0
? ? 3 ? . A __ . 3 1- 4 8  16 13- - - 4 5 0 4 - 5 A Q A a a o
2 2 4 2 . 0 3 8 3 3 4 8  16 16 5 4 1 4 3 0 0 0 0 0 0
...... 22 3 7 . 0 3 8 3 2 4 8 16- 14 5 4 5 0 4 0 0 o o o 0
2 2 3 4 . 0 3 8 3 4 64  24 16 7 3 1 0 11 8 12 2 l 0 1
2? 3 3 . 0 38 3 4 6 4  2 4  1 6 7 3 3 0 1 0 a 4 5 5 Q 2
2 2 3 5 . 0 3 8 3 4 6 4  24 16 7 4 5 0 11 8 6 3 3 0 1
2 0 0 .
- 2 2 4 3 . 0 - - 3 8 3 3 96 24
2 3 9 1 , 0 39 1 2 48 16
2 3 9 0 . 0 39 1 1 48 16
2 4 0 5 , 0 39 1 4 64 24
2 4 0 3 . 0 39 1 4 64 24
2 4 0 4 . 0 39 1 4 64 24
---------  2434^.0- - 3 9 2 4 48 16
2 4 4 8 . 0 39 2 1 64 16
2 4 3 1 . 0 39 2 4 64 24
2 4 3 3 . 0 39 2 4 64 24
2 4 3 2 . 0 39 2 4 64 24
2 3 7 3 . 0 39 3 4 64 16
2 3 7 1 , 0 39 3 4 64 24
2 3 7 1 . 1 39 3 4 o4 24
2 3 7 2 . 0 39 3 4 64 24
2 3 2 7 . 0 40 2 1 48 16
2 3 3 4 . 0 40 2 3 48 16
2 3 2 8 . 0 40 2 2 48 16
2 3 3 2 . 0 40 2 4 64 24
2 3 3 1 . 0 40 2 4 64 24
2 3 2 9 . 0 40 2 4 64 24
2 3 3 0 . 1 40 2 4 64 24
2 3 3 0 . 2 40 2 4 64 24
2 3 3 0 . 0 40 2 4 64 24
2 3 3 3 . 0 40 2 3 96 24
2 0 6 9 . 0 40 3 4 64 24
2 0 6 7 . 0 40 3 4 64 24
2 0 7 0 . 0 40 3 3 64 24
2 0 6 8 . 0 40 3 4 64 24
2 0 4 7 . 0 40 4 4 48 16
2 0 4 4 . 0 40 4 3 64 16
2 0 4 5 . 0 40 4 4 64 24
2 0 4 6 . 0 40 4 4 64 24
2 1 8 8 , 0 41 2 2 64 16
2 1 8 5 . 0 41 2 4 64 24
2 1 3 2 . 0 41 2 4 64 24
2 1 8 4 . 0 - 4 1 2 4 64 24
2 1 8 3 . 0 41 2 4 64 24
2 1 8 7 . 0 41 2 3 80 16
2 1 8 6 , 0 41 2 3 96 24
2 2 9 8 . 0 41 3 4 64 16
2 2 9 9 . 0 41 3 2 64 16
- Q A r t  /.I •a A 1 A
j i 1 0
2 3 0 0 , 0 41 3 3 64 24
2 2 9 5 . 0 4-1 3 4- 64- 24
2 2 9 7 . 0 41 3 4 64 24
2 2 9 6 . 0 -4-1 3 4- -  64- 2*
2 2 2 4 . 0 41 4 3 64 16
A  } Ac c c  5 , U X "T O  ^
2 2 2 6 . 0 41 4 4 64 24
2 2 2 7 . 1 41 4 4 64- 24
2 2 2 7 , 0 41 4 4 64 24
1 5 3 4 , 0 - 4 2 1 1- - 4 8 16
1 5 3 3 . 0 42 1 2 64 24
11310 11 7- _3 1 4 15 1
0 4 0 0 0 0 0 0
3362 3 0 0 0 U 0 0
0 0 0 0 0 0 0 0
6670 9 10 26 12 8 0 a
7770 11 10 22 7 7 0 1
4977 _ 3 . . .  0 _ . 0 _ 0 _ Q.___  0 0
0 4 0 0 0 0 0 0
8270 10 7 6 4 12 9 2
7480 10 9 14 3 1 0 1
7640 10 9 48 13 2 u 1
3054 3 0 0 0 0 0 0
0 0 0 0 0 0 0 0
8450 11 6 25 2 2 0 1
5010 11 6 40 2 4 Ü 1
4996 3 0 0 0 0 0 0
4538 4 0 0 0 0 0 0
6295 3 0 0 0 0 0 0
0 0 0 0 Ü 0 0 0
0 0 0 0 0 0 0 0
9020 9 6 12 3 3 0 3
7520 11 7 33 4 3 0 1
8450 7 7 9 5 2 0 2
7260 11 10 40 3 11 0 1
12690 6 4 2 3 6 0 2
8390 7 6 14 2 2 0 2
7880 11 7 33 6 3 0 1
8330 7 7 32 11 4 10 2
7900 11 8 42 9 7 0 1
4747 3 0 0 0 0 0 0
5514 4 0 0 0 0 0 0
7920 9 7 24 5 7 0 3
7660 11 8 44 12 5 11 1
5797 2 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
6950 9 9 9 1 4 11 2
6890 11 9 31 4 3 0 1
9150 2 0 0 0 0 0 0
12500 11 6 23 2 5 0 2
6173 4 0 0 - 0 0 0 0
470 1 3 0 0 0 0 0 0
4597 4 0 0 0 -  0 —0 0
7990 7 5 7 1 5 0 3
7370 7 8 38 5 2 0 2
7110 9 8 35 11 4 0 2
6290 11 9 50 19 0 0 1
4318 4 0 0 0 0 0 0
0 0 0- 0- 0 0 0 0
0 0 0 0 0 0 0 0
7390 7 7 12 2 2 0 2
6870 11 8 64 9 0 0 1
3275 - 3 - 0 13 6 3 12 2
10483 9 93 8 5 0 12 3
16
16
9
0
16
16
15
16
15
15
15
7
0
16
10
14
12
15
0
0
16
15
15
15
15
16
16
16
16
l b
14
16
16
13
0
0
16
16
16
16
16
12
1 1
16
16
16
16
12
0
0
16
15
8
16
1 5 3 9 * 0
1 5 3 6 * 0
1 5 3 6 * 0
1 5 3 7 . 0  
1 5 3 2* 0
1 5 3 5 . 0
1 7 7 8 . 0
1 7 5 6 . 0
1 7 7 5 . 0
1 7 7 6 . 0
1 7 7 7 . 0
1 7 6 7 . 0
1 9 2 3 . 0
1 9 2 7 . 0
1 9 2 4 . 0
1 9 2 5 . 0
1 6 3 1 . 0
1 6 3 2 . 0
2 7 1 6 . 0
2 7 2 1 . 0
2 7 2 3 . 0
2 7 2 2 . 0
2 7 1 7 . 0
2 7 2 0 . 0
2 7 1 9 . 0  
2 7 1 Q . 0
1 6 3 6 . 0
1 6 4 6 . 0
1 6 4 2 . 0
1 6 4 5 . 0
1 6 4 3 . 0
1 6 3 7 . 0
1 6 4 4 . 0
1 6 4 1 . 0
1 6 3 9 . 0
1 6 4 0 . 0  
- 16 - 79 . 0
1 6 7 8 . 0
1 6 8 1 . 0
1 5 8 0 . 0  
- 1 5 7 7 . 0
1 6 8 2 . 0  
14 8 9-. 0
1 4 9 0 . 0  
1 4 8 5 ^ 0  
U 8 6 . Q
- 1 4 8 8 * 0
1 4 8 7 . 0  
-1 £ 95*0
1 7 9 8 . 0
1 7 9 6 . 0
1 7 9 7 . 0
1 9 4 7 . 0
1 9 1 4 . 0
42 1 4 
42 1 4 
42 1 4 
42  1 4  
4 2  1 3 
42 1 1 
42 2 4 
42 2 4 
42 2 4 
42  2 4 
42 2 4 
42 2 3 
42 3 1 
42  3 4 
42 3 4 
42  3 4 
42 5 4
42  5 4
43  1 2 
43  1 4 
43  1 3 
43  1 4 
43  1 4 
43  1 4 
43  1 4 
43  1 4 
43  2 2 
43  2 4 
43 2 4 
4 3  2 4 
43  2 4 
43  2 1 
43  2 4 
43  2 4 
43  2 3
43  2 4 
- 4 4 -  2 4
44  2 4 
44  2 4  
44  2 4 
4 4 - 2  4 
44  2 4
- 4 4  3 2 
44  3 1 
. 4 4  3 3 
44 3 4 
- 4 4  3 4 
44  3 4 
- 4 4 - 4  4- 
44  4 4 
—4 4 —4  4  
44  4 4 
46  1 2 
46 1 1
64 24 16 
64  24  16 
64 24 14 
64 24 16 
96 24 16 
96 24 16 
64 16 16 
64 16 16 
64 24 0
64 24 16 
64 24 16 
96  24  16 
6 4  16 12 
64 24  16 
64  24 16 
64 24 16 
64  24  0
64 24 10 
48 16 10 
64 16 11 
64 24 15 
96 24 0
128 24 14 
128 24 14 
128 2 4 -  14 
128 24 14 
64 16 16 
64 24 15 
64 24 16 
64 24 15 
64 24 15 
64  24  11 
64  24  16 
96 24 12 
96  2 4 - 1 3  
96  24  15 
- ^ 8  1-6-15- 
64 24 14 
96 16 13 
96 16 14 
96- 2 4 - 1 6  
112 16 15 
- A 8 —1 6—1 5- 
48  16 11 
64—16 15-  
64 24 15 
64  24  15 .  
64 24  15 
—4-8—16—15- 
64  24 16 
64  2<* 15 
64 24 15 
- 6 4  16 15-  
64 16 12
9 6 3 2  10 
821 1 9
6 6 6 0  9
7 5 5 6  11 
1 5 2 7 0  7
1 4 1 4 0  8
6 4 3 0  2
7 2 6 5  5
0 0 
8 0 9 0  11 
8 0 8 0  11 
1 2 7 9 0  10 
5 4 9 7  3
8 410  9
7980  10 
7 5 1 0  11 
0 0 
4 8 0 3  11 
3 4 0 0  3
4 8 5 7  3
7 9 4 0  9
0 0 
1 5 2 1 0  8
1 3 9 8 0  10 
1 3 7 6 0  11 
1 3 6 2 0  10 
6 591  3
8 0 0 0  8 
7 8 2 0  9
6 9 6 0  11 
- 6 5 1 0  11 
6 0 2 0  8 
6 9 4 0  11 
9 8 6 0  9
1 0 0 0 0  7
1 1 5 3 0  8
5 3 7 9  a  
8 2 1 0  0 
- 7 6 2 1  a  
8 1 5 7  5
1 2 1 7 0  U  
1 0 0 6 8  5
-  5 5 3 2  3-
4 0 2 3  3
-  6 612__ 2-
7 9 0 0  9
-  7 7 6 0  8
6 8 6 9  11
— 4 8 6 8 — 3-
8 5 7 0  8
- 7  708 11- 
7 3 2 4  11 
1 1 060 — 3 -  
6 0 5 9  3
94 4 0
97 6 8
98 7 b
99 14 l b
3 10 3
6 0 0 
0 0 0 
0 0 0 
0 0 0 
7 13 9
9 22  25
7 2 6
0 0 0 
6 3 2
6 7 4
8 49  4
0 0 0
94 10 0
0 0 0 
0 0 0
7 0 3
0 0 0 
6 6 2
8 7 7
8 -10— 3
9 5 4
0 0 0 
5 2 6
7 1 14
8 17 2
3 13 9
3 4 3
9 29  2
5 2 4
5 5 2
6 5 6
.  0 -  0— 0-  
0 2 7
0 0 0 
0 0 0
7 19 _ Ö. 
0 0 0
—0__ 0__ 0-
0 0 0
Q__0 _ 0
7 11 1
- 7  1 7 _ 1 8  
96 28  7
0 —0— 0- 
0 3 5
94 1 4 -_1
95 16 0
0 0__0
0 0 0
2 11 2
7 11 2
3 10 2
4 11 1
3 0 2
0 0 0
0 0 0
0 0 0
0 0 0
1 0 1
2 11 1
2 0 1
0 0 0
2 10 p
3 0 2
6 0 1
0 0 0
0 10 1
0 0 0
0 0 0
5 0 2
0 0 0
3 0 2
8 0 1
2- 0 1_
5 0 1
0 0 0
3 0 2
5 10 2
1 0 1
_ 2 0 1
3 0 3
2 0 1
2 0 3
9 1 2 2
1 0 2
_ _ 0 l _ o Q _
6 11 2
_ 0 0 0
0 0 0
13 Ü 1
0 0 Ü
—Q _ o_ a.
0 0 0
- 0 0 0 -
2 0 2
..._0 2
0 11 1
- 0 -  o Q—
2 11 2
- Z 11 L
0 11 1
_ _ Q _ -  0 0
0 0 0
202 .
------  1 9 1 3 . 0
1 9 0 9 . 0
- 4 6
4 6
1-
1
4
4
-  6 4  
6 4
16
2 4
15-
16
- 6 3 6 7
8 5 4 0
—3
7
—  0-
7
— a  
2
- 0
13
_ G - - 0 -
0
0 - 
2
- 1 9 1 2 .  a 4 6 1 4 6 4 2 4 16 7 6 1 0 11 9 2 1 13 3 _  0 1
1 9 1 0 . 0 4 6 1 4 6 4 2 4 16 7 4 5 0 9 9 1 7 8 2 0 2
1 9 1 1 . 0 46 1 4 6 4 2 4 1 6 7 1 1 0 11 9 31 14 5 11 1
1 9 1 6 . 0 4 6 1 3 9 6 2 4 1 5 1 3 2 0 0 7 5 1 2 1 10 2
1 9 1 5 . 0 4 6 1 3 1 2 8 2 4 16 1 6 0 6 0 11 7 6 2 o _  0 1
1 5 4 6 . 0 4 6 2 1 4 8 1 6 1 4 4 7 5 7 3 0 0 0 0 0 0
1 5 7 2 . 0 4 6 2 4 6 4 16 7 3 3 5 7 2 0 0 0 0 0 0
1 5 5 4 . 0 4 6 2 3 6 4 16 15 7 5 0 7 2 0 6 6 4 12 3
1 5 7 1 . 0 4 6 2 4 6 4 2 4 0 0 0 0 0 0 0 0 0
1 5 4 9 . 0 4 6 2 1 6 4 2 4 0 0 0 0 0 0 0 0 0
1 5 6 9 . 0 4 6 2 4 64 2 4 16 6 8 3 4 11 9 3 3 5 0 10 1
1 5 7 0 . 0 4 6 2 4 6 4 2 4 l b 6 8 5 0 10 10 3 7 3 0 9 1
1 5 5 6 . 0 4 6 2 2 6 4 2 4 13 7 9 2 4 8 9 3 3 2 0 10 3
1 5 6 8 , 0 4 6 2 4 64 2 4 16 7 7 0 5 9 9 5 4 0 0 10 2
1 5 5 5 . 0 4 6 2 3 9 6 2 4 1 6 1 2 3 2 0 9 6 0 0 0 0 0
1 6 9 2 . 0 4 6 3 1 4 8 1 6 15 4 9 7 4 3 0 0 0 0 0 0
1 7 0 1 . 0 4 6 3 4 6 4 16 1 5 6 1 7 8 3 0 0 0 0 0 0
1 6 9 9 . 0 4 6 3 4 6 4 2 4 0 0 0 0 0 0 0 0 0
1 7 0 0 . 0 4 6 3 4 6 4 2 4 1 5 6 9 7 0 7 7 2 4 4 2 0 2
1 6 9 8 . 0 4 6 3 4 6 4 2 4 1 5 7 3 1 5 9 9 4 9 2 0 11 2
1 6 8 8 . 0 4 6 4 2 4 8 16 13 4 3 6 1 3 0 0 0 0 0 0
1 6 8 4 . 0 4 6 4 3 4 8 16 12 3 8 7 6 3 0 0 0 0 0 0
1 6 8 3 . 0 4 6 4 1 6 4 16 13 5 2 9 8 3 0 0 0 0 0 0
1 6 3 7 . 0 4 6 4 4 6 4 2 4 0 0 0 0 0 0 0 0 0
1 6 8 5 , 0 4 6 4 4 6 4 2 4 0 8 0 3 0 10 7 12 3 2 0 2
1 6 8 6 . 0 4 6 4 4 6 4 2 4 14 6 2 0 0 11 8 7 4 1 0 1
2 7 2 4 . 0 4 7 1 1 4 8 1 6 8 3 3 7 6 1 0 0 0 0 0 0
2 7 2 9 . 0 4 7 1 4 4 8 16 15 6 0 9 0 5 0 0 0 0 0 0
2 7 3 2 . 0 4 7 - 1 - 3 80 16 10 - 6  7 9  0 3 0 0 -  0 0 0 0
2 7 3 1 . 0 4 7 1 4 9 6 2 4 0 0 0 0 0 0 0 0 0
2 7 3 3 . 0 4 7 1 3 9 6 2 4 - 0 0 0 0 - 0 0 0 0 0
2 7 3 0 . 0 4 7 1 4 9 6 2 4 15 1 5 5 3 0 8 4 0 4 0 11 3
2 7 2 5 . 0 4 7 1 4 1 2 8 2 4 15 1 9 0 9 0 10 6 9 2 8 . . .  0 1
2 7 2 8 . 0 4 7 1 4 1 2 8 2 4 16 1 9 9 0 0 10 10 3 2 4 3 0 2
------ 2 7 2 7 . 0 4 7 1 - 4 1 2 8 2 4 16 1 8 3 3 0 10 10 31 2 3 1 0 1
2 7 2 6 . 0 4 7 1 4 1 2 8 2 4 16 1 8 6 4 0 10 10 2 0 9 2 0 1
2 7 6 5 . 0 4 7 2 4 4 8 16 16 6 3 6 7 2 0 0 0 0 0 0
2 7 5 6 . 0 4 7 2 1 6 4 16 12 6 1 9 1 1 0 0 0 0 0 0
2 7 6 1 . 0 4 7 2 4 6 4 2 4 0 0 0 0 0 0 0 0 0
2 7 6 4 . 0 4 7 2 4 6 4 2 4 0 0 0 0 0 0 0 0 0
—  2 7 6 3 . 0 4-7 2 4 6 4 2 ^ 0 0 0 0 0 0 0 0 Q.
2 7 6 2 . 0 4 7 2 4 6 4 2 4 0 0 0 0 0 0 0 0 0
2 7 6 6 . 0 4 7 2 4 9 6 16 1 4 1 1 7 6 7 3 0 1 0 0 0 0
2 7 5 7 . 0 4 7 2 3 9 6 16 16 1 2 2 5 1 3 0 0 0 0 0 0
- 2 7 6 0 . 0 4 7 2 4 1 2 8 16 13 1 1 6 2 0 5 0 0 0 0 0 0
2 7 5 8 . 0 4 7 2 4 1 2 8 2 4 14 1 8 2 0 0 7 4 2 1 2 11 2
------------ 2 7 5 9 . 0 4 7 2 4 1 2 8 2 4 16 1 8 7 5 0 9 5 7 3 2 0 2
2 7 8 7 . 0 4 7 3 2 4 8 16 11 4 3 7 4 3 0 0 0 0 0 0
2 7 3 9 . 0 4 7 3 3 6 4 16 11 5 9 1 3 3 0 0 0 0 0 0
2 7 9 7 . 0 4 7 3 4 6 4 16 16 7 6 9 0 3 0 0 0 0 0 0
2 7 9 3 . 0 4 7 3 4 6 4 24- 16 9 3 8 0 9 7 13 3 2 0 2
2 7 9 6 . 0 4 7 3 4 6 4 2 4 16 3 6 1 0 8 7 31 5 4 0 2
203 .
. 2 7 9 4 * 0 -  - 4  7 3 . 4 .64 24 16 - 8 2 6 0 - 11 - 7 38 3 4 0 1
2 7 9 5 * 0 4 7 3 4 64 24 16 8 0 5 0 11 8 28 3 3 Ü 1
2 7 * 0 . 0 47 3 4 80 16 12 7 1 9 2 3 0 0 0 0 0 0
2 7 3 6 . 0 4 7 3 1 80 16 15 9 0 2 2 3 0 0 0 0 0 0
2 7 9 2 . Q 47 3 4 112 16 16 1 4 0 0 0 4 0 0 0 0 0 0
2 7 9 1 . 0 4 7 3 4 128 24 14 1 7 0 5 0 8 6 13 4 3 12 2
1 4 3 4 . 0 47 5 1 64 16 14 6 2 5 6 3 0 0 0 0 0 0
1 4 8 0 . 0 4 7 5 3 6 4 16 15 6 4 8  d 3 0 0 0 u 0 0
1 4 8 3 . 0 47 5 4 64 16 16 6 6 0 3 4 0 0 0 0 0 0
1 4 8 2 . 0 47 5 4 64 24 0 0 0 0 0 0 0 0 0
1 4 3 1 . 0 47 5 4 64 24 0 0 0 0 0 0 0 0 0
1 3 3 0 . 0 48 1 2 4 8 16 9 3 2 3 3 3 0 0 0 0 0 0
1 8 2 4 . 0 4 8 1 4 64 16 13 4 9 4 3 4 0 0 0 0 0 0
1 8 3 1 . 0 48 1 2 64 24 14 8 3 1 5 7 4 5 9 1 0 2
1 3 2 1 . 0 48 1 4 64 2 4 15 9 4 5 0 7 4 2 3 6 Ü 2
1 8 2 6 . 0 48 1 3 64 24 15 8 7 4 0 7 7 2 13 3 0 3
1 8 2 0 . 0 48 1 4 64 24 16 8 8 8 0 7 9 14 5 5 0 2
1 8 2 2 . 0 4 8 1 4 64 24 16 8 8 1 8 8 94 1 3 3 11 3
1 8 2 3 . 0 48 1 4 64 2 4 12 5 5 5 3 11 97 7 4 2 10 1
1 5 1 6 . 0 4 8 2 4 48 16 14 5 2 1 7 5 0 0 0 0 0 0
1 5 2 0 . 0 48 2 3 48 16 13 4 9 0 8 3 0 0 0 0 0 0
1 5 1 7 . 0 48 2 2 4 8 16 13 5 2 7 0 5 0 0 0 0 0 0
1 5 1 8 . 0 4 8 2 1 64 16 14 7 2 4 8 3 0 0 0 0 0 0
1 5 1 5 . 0 4 8 2 4 64 24 0 0 0 0 0 0 0 0 0
1 5 1 3 . 0 4 8 2 4 64 24 0 0 0 0 0 0 0 0 0
1 5 1 2 . 0 4 8 2 4 64 24 0 0 0 0 0 0 0 0 0
1 5 1 4 . 0 4 8 2 4 64 24 14 6 5 6 0 11 8 15 5 6 0 1
1 5 1 9 . 0 4 8 2 3 96 24 16 1 3 3 8 0 11 5 12 3 5 12 2
1 8 6 1 . 0 4 8 3 4 48 16 11 3 6 8 1 3 0 0 u 0 0 0
1 8 6 0 . 0 4 8 3 4 64 24 16 7 9 8 0 8 6 3 4 3 0 2
1 8 5 7 . 0 4 8 3 4 6 4 2 4 16 8 4 3 0 9 6 10 5 3 0 3
1 8 5 9 . 0 4 8 3 4 64 24 16 7 3 2 0 11 8 43 8 3 0 1
1 8 5 8 . 0 4 8 3 4 6 4 2 4 16 7 7 3 3 10 95 6 3 3 11 1
1 3 6 2 . 0 4 8 3 3 96 24 16 1 2 8 8 0 10 5 12 2 2 11 2
1 6 1 8 . 0 48 4 3 4 8 16 9 2 6 4 8 3 0 0 0 0 0 0
1 6 3 0 . 0 4 8 4 1 48 16 14 4 4 0 5 5 0 0 0 0 0 0
1 6 1 9 . 0 4 8 4 4 6 4 24 16 7 4 3 0 9 3 25 0 3 9 1
1 6 2 1 . 0 4 8 4 4 64 24 14 7 0 9 5 10 94 0 4 2 10 3
1 6 2 0 . 0 4 8 4 4 64 24 16 7 7 6 0 10 97 10 8 2 10 1
1 8 5 6 . 0 4 8 5 4 64 2 4 16 7 2 9 0 11 8 35 7 2 0 1
1 3 5 5 . 0 48 5 4 64 24 16 7 3 7 0 11 8 6 5 4 0 1
2 7 6 7 . 0 4 9 1 1 48 16 11 3 9 6 3 3 0 0 0 0 0 0
- 2 7 7 7 . 0 4 9 -1 4 64- 16 16- — 7 0 9 8 - 2 -  0 _ a 0 0 0 a
2 7 7 2 . 0 49 1 4 64 16 16 7 6 6 4 2 0 0 0 0 0 0
2 7 7 6 . 0 4 9 1 4 64 24 0 0 0 _ 0. 0 Q 0 0 0
2 7 7 3 . 0 49 1 4 64 2 4 0 0 0 0 0 0 0 0 0
27 7 4 .  Q 4 9 1 4 6 4 24 - - 0 0 o o 0 o 0 o o
2 7 7 5 . 0 4 9 1 4 64 24 16 7 4 9 0 11 9 39 7 2 0 l
? 7 ft A ft 4 9 1 2 96 16 1 3  ft 7 A4. 3 o o o o o oC f 11
2 7 7 1 . 0 4 9 1 4 128 24 16 1 8 9 0 0 8 4 7 2 2 12 2
? 7 6 Q ft 4 9 1 4- 128 lZt - 1 6 4 0 0 7 4 13 4 1 11 3
2 7 7 0 . 0 4 9 1 4 128 24 15 1 6 2 0 0 9 6 3 1 2 0 2
17 31  ft 4 9 2 4 64- 24 1 6 7 6 3  0 9 7 1 0 4 3 o 2
1 7 4 0 . 0 4 9 2 2 64 24 16 7 8 3 0 9 7 10 2 3 0 2
204 .
1 7 3 2 . 0
1 7 3 4 . 0
1 7 3 6 . 0
1 7 3 7 . 0
1 7 3 5 . 0
1 7 3 8 . 0
1 7 3 1 . 0
1 7 3 9 . 0
1 7 4 0 . 1
1 6 9 0 . 0
1 6 9 3 . 0
1 6 9 5 . 0
1 6 9 4 . 0
1 6 9 6 . 0
1 6 8 9 . 0
1 6 9 7 . 0
1 6 9 1 . 0
1 6 3 6 . 0
1 6 3 3 . 0
1 6 3 4 . 0
1 6 3 5 . 0
2 3 4 8 . 0
2 3 4 9 . 0
2 3 4 6 . 0  
- 2 3 4  7 . 0  -
2 3 4 3 . 0
2 3 4 5 . 0  -
2 3 4 4 . 0
2 3 5 4 . 0
2 3 5 2 . 0
2 3 5 3 . 0
1 3 4 6 . 0
1 8 4 5 . 0
1 3 5 2 . 0
1 8 5 4 . 0 -
1 3 4 8 . 0  
------------------------------1 9 5 0 . 0
1 9 4 9 . 0
1 8 5 1 . 0
1 8 5 3 . 0
1 8 5 3 . 1 -
1 7 0 2 . 0
■----------------------- 1 7 1 6 . 0—
1 7 1 3 . 0
1 7 1 4 . 0
1 7 1 5 . 0  
- 1 7 1 * . 0
1 7 1 2 . 0
---------------------------------1 5 0 0 . 0  -
1 4 9 9 . 0
1 5 0 1 . 0
1 5 0 4 . 0
1 5 0 3 . 1
1 5 0 2 . 0
49 2 4 64 2 4 - 16 8190 11 8 1 8 - 15 2 0 1
49 2 4 64 24 16 7210 10 8 32 2 2 0 1
49 2 4 64 24 16 8100 10 9 1 3 1 0 2
49 2 4 64 24 16 8890 6 10 5 5 1 0 3
49 2 4 64 24 16 7320 10 10 25 8 2 0 1
49 2 3 80 16 15 8718 4 0 0 0 0 0 0
49 2 2 96 16 16 10520 3 0 0 0 0 0 0
49 2 3 128 24 0 0 0 0 0 0 0 0 0
49 2 1 128 24 16 17680 8 4 24 2 2 0 2
49 3 2 64 16 9 3884 3 0 0 0 0 0 0
49 3 4 64 24 0 0 0 0 0 0 0 0 0
49 3 4 64 24 0 0 0 0 0 0 0 0 0
49 3 4 64 24 0 0 0 0 0 0 0 0 0
49 3 4 64 24 15 6992 7 6 4 3 3 10 2
49 3 2 64 24 15 7540 8 10 14 1 4 0 2
49 3 4 64 24 15 7761 8 94 2 3 2 11 3
49 3 3 96 24 15 12120 7 5 16 2 3 0 2
49 5 4 48 16 13 3513 5 0 0 0 0 0 0
49 5 4 64 24 14 6792 10 10 8 5 0 10 2
49 5 4 64 24 12 5468 11 96 5 4 0 10 1
49 5 4 64 24 12 5298 11 97 9 4 2 10 1
50 1 4 48 16 16 5597 2 0 0 0 0 0 0
50 1 2 64 16 15 6924 5 0 0 - 0 0 0 0
50 1 4 64 24 0 0 0 0 0 0 0 0 0
- 5 0 1 4 64 - 24 -  0 0 0 -  0 0 0 0 0 0
50 1 4 64 24 0 0 0 0 0 0 0 0 0
50 1 4 64 24 15 6410 11 10 24 9 9 0 I
50 1 4 64 24 15 6630 11 10 15 14 1 0 1
50 1- 3 96 2 4 16 13850 6 3 — S 15 - - 2 0 3
50 1 1 96 24 15 12400 7 4 14 1 5 0 3
- 5 0 1 - 3 - 128 24 16 17  960 7 -  6 - —6 3 10 - 0- 2
50 2 1 48 16 8 2400 3 0 0 0 0 0 0
50 2 2 48 16 16 - 5 13 4 5 0 —  0- 0- - 0 0 0
50 2 4 48 16 16 4570 3 0 0 0 0 0 0
50 2 3 6 4 24 - 16 7860 6 5 —  5 -  4— - 5- - 0 2
50 2 4 64 24 16 7780 8 7 5 7 4 0 2
- 5 0 2 4 64 24 16 6940 11 —  8 .  - 7— - 5 -  2 - 1 0 1-
50 2 4 64 24 16 6951 11 9 26 6 7 0 1
50 2 4 64 24 16 7380 10 9 16 -  4 6 11 2
50 2 3 64 24 16 8920 10 96 2 6 2 11 2
50 2 3 96 24 16 10960 11 3 4 3 . 3 12 1
50 3 1 48 16 10 2923 3 0 0 0 0 0 0
-  50 3 4 - 64 16 - 15 5600 5 0 0 0 0 0- 0
50 3 4 64 24 16 9040 11 8 7 2 4 0 2
50 3 4 64 24- 15 6720 11 9 16 -  4 2 0 1
50 3 4 64 24 15 7320 11 9 23 7 3 0 1
50 3 4 64 24 14 6973 10 94 _ L - 5 _  Ql_ 11 3
50 3 4 96 24 12 8390 11 6 3 3 1 0 2
- 5 0 4 1 - 48 16- 14 - 4 0 2 0 3 0 -  0- -  0 — 0- 0 0
50 4 2 48 16 15 4495 5 0 0 0 0 0 0
- 5 0 p _ 64 24 -  0 0- 0 o Q_ 0 o o 0J  w
50 4 4 64 24 15 6800 8 7 2 17 6 0 2
__CL A 4 A__— 6  4 p a - p 7 r n Q c 7 q 1
50 4 4 64 24
-
16
O f O v
6370
1 1 
11
O-
8
J  o  
12
o
6
1
6
J  — 
0
X
1
2 0 5 .
2 6 4 9 . 0 51 1 4 48. 16 16 5 3 3 6 2 0 0 0 0 0 0
2 6 4 5 , 0 51 1 3 64 16 12 5 5 2 8 3 0 0 0 0 0 0
2 6 4 7 , 0 51 1 4 64 24 0 0 0 0 0 0 0 0 0
2 6 4 6 . 0 51 1 4 64 24 0 0 0 0 0 0 0 0 0
2 5 4 8 . 0 51 1 4 64 24 0 0 0 0 0 0 0 0 0
2 6 2 2 . 0 52 1 4 64 16 15 699 1 3 0 0 0 0 0 0
2 6 2 1 . 0 52 1 4 64 24 0 0 0 0 0 0 0 0 0
2 6 2 0 . 0 52 1 4 64 24 0 0 Ü 0 0 0 0 0 0
2 6 1 9 . 0 52 1 3 80 16 12 7 6 7 3 3 0 0 0 0 0 0
2 4 9 4 , 0 52 2 4 64 24 13 6 6 7 0 8 7 5 5 2 0 2
2 4 9 6 , 0 52 2 4 64 24 16 7 7 5 0 11 7 19 4 1 0 1
2 4 9 5 . 0 52 2 4 64 24 16 7 3 1 0 11 8 19 4 1 0 1
2 5 6 5 . 0 53 1 2 64 16 9 3 5 4 6 3 0 0 0 0 0 0
2 5 6 4 , 0 53 1 4 64 16 13 5 1 0 4 5 0 0 0 0 0 0
2 5 6 2 . 0 53 1 4 64 24 15 6 8 3 0 11 9 17 14 3 0 1
2 5 6 3 . 0 53 1 4 64 24 15 6 5 8 0 11 10 31 20 2 0 1
2 4 7 0 . 0 53 2 4 64 16 15 5 0 5 6 5 0 0 0 0 0 0
2 4 6 9 . 0 53 2 4 64 24 16 6 5 1 0 11 9 37 5 2 0 1
2 4 5 0 . 0 54 1 1 48 16 13 4 6 8 0 3 0 0 0 0 0 0
2 4 4 9 . 0 54 1 2 48 16 13 3 6 0 5 3 0 0 0 0 0 0
2 4 6 2 . 0 5 4 1 4 64 16 14 6 2 6 2 3 0 0 0 0 0 0
2 4 5 3 . 0 54 1 3 64 24 15 8 2 5 0 10 8 3 3 2 11 3
2 4 6 1 . 0 54 1 4 64 24 16 7 7 0 0 11 8 18 _ 2 1 0 1
2 4 5 9 , 0 54 1 4 64 24 16 8 1 0 0 11 8 9 4 2 0 2
- 2 4 6 0 . 0 54 L 4 64 24 1 6 __ 7 3 2 0 I I 10 28 3 .3 8 1
2 6 0 7 . 0 54 2 1 64 16 13 5 2 6 0 3 0 0 0 0 0 0
---------- 2 6 1 0 . 0 54 2 4 64 24 0 0 0 0 0 0 0 0 0
2 6 0 9 . 0 5 4 2 4 64 24 16 7 180 11 9 33 2 3 0 1
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1 7 4 8 . 1 76 2 4 96 24
1 5 3 1 . 0 76 3 1 64 16
1 5 3 0 . 0 76 3 4 64 16
1 5 2 7 . 0 76 3 4 64 24
T  T A. A  O  A.1 3 2 5 . 0 r & 0 7  C.
1 5 2 6 . 0 76 3 2 64 24
1 5 2 8 . 0 76 3 4 64 24
1 5 2 9 . 0 76 3 4 64 24
A f t  1 A1 5 4 5 . 0 (  o 4 I 4 0  J. O
1 5 4 7 . 0 76 4 2 48 16
5202 2 0 0 0 0 0 0
5271 5 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
8960 7 5 2 2 3 10 3
5 273 3 0 0 0 0 0 0
13020 11 5 10 2 3 0 1
5224 3 0 0 0 0 0 0
6903 5 0 0 0 0 0 0
7200 7 4 20 2 1 0 2
8570 6 5 0 10 2 0 3
8690 8 6 2 2 2 0 2
7900 7 7 1 10 2 0 2
6711 11 8 18 7 0 10 1
4836 5 0 0 0 0 0 0
4259 _ 3 0 0 Q 0 0 0
6379 3 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
5508 5 0 0 0 0 0 0
6977 - 3 0 0 0 0 0 0
3123 3 0 0 0 0 0 0
0 n o 0 o o 0 0
6430 6 4 7 4 3 0 2
5823 7 4 2 6 0 11 2
8370 11 7 3 9 3 0 1
8350 11 8 10 10 2 0 1
4290 3 0 0 0 0 0 0
47 5 9 3 0 0 0 0 0 0
12324 6 4 0 7 0 10 3
14532 9 6 0 2 0 10 2
13030 11 8 0 8 a 10 1
4871 2 0 0 0 0 0 0
7 190 0 0 8 5 2 0 1
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
8420 6 4 13 10 2 0 3
8170 6 6 12 3 3 0 3
7430 11 8 15 6 0 10 1
4 9 7 9 3 0 0 0 0 0 0
12150 7 5 1 2 4 12 2
12360 7 6 4 2 2 0 2
3945 3 0 0 0 0 0 0
6030 2 0 0 0 0 0 0
0 0 0 0 0 0 0 0
n n n o n o n Qu u \J u
5480 7 4 1 1 3 0 2
8340 8 6 8 0 0 10 3
7040 11 8 11 2 1 0 1
rv o n o o 0C
3068 3 0 0 0 0 0 0
15
16
0
0
0
16
8
16
15
15
15
15
16
16
15
16
14
16
0
0
0
16
14
6
0
12
11
16
16
T
7
13
16
16
15
16
0
0
0
16
16
16
8
16
6
10
16
0
0
11
16
16
15
11
217 .
--------------------------------1 5 4 1 , 0  -
1 5 4 4 , 0
- 76
76
4
4
4 -
4
4  a  
64
16 -
16
- 1 2 -
16
- 3 4 8 1_  
5 8 7 8
- 3 -
3
— Q_
0
_ 0 _
0
_ 0 _
0
____0
0
—  0 _
0
0
0
1 5 4 2 . 0 76 4 4 64 2 4 0 0 0 0 0 0 0 0 0
1 5 4 3 . 0 7 6 4 4 64 2 4 16 6 7 9 5 11 8 31 0 0 10 1
1 0 6 2 . 0 7 7 - 1 - 4 - - 48 16 16 5 8 8 6 2 0 0 0 0 Q 0
1 0 5 6 . 0 77 1 2 4 8 16 16 5 7 4 3 3 0 0 0 0 0 0
1 0 5 1 . 0 7 7  1 4 _ 64  16  16 7 0 6 8 3 0 0 0 0 0 0
1 0 5 7 . 0 77 1 3 64 2 4 15 8 9 6 0 9 4 1 6 2 0 3
1 0 5 6 . 0 77 1 4 6 4 2 4 16 8 9 8 0 8 5 1 3 2 10 2
1 0 6 0 . 0 7 7 1 4 64 2 4 16 8 5 2 0 10 9 4 13 1 0 1
1 0 5 9 . 0 77 1 4 _  6 4 2 4 14  - 7 4 2 7 11 95 6 15 9 0 1
1 0 6 3 . 0 7 7 1 4 96 16 10 7 5 7 7 3 0 0 0 0 0 0
- 1 0 6 - 1 . 1 7 7 1 4 9 6 - 2 4 15 1 4 1 2 4 8 4 0 _  3 0 10 3
1 0 6 4 , 0 7 7 1 4 96 2 4 14 1 2 5 8 0 7 6 7 3 6 11 3
1 0 6 5 . 0 77 1 4 1 28 24 16 1 8 5 4 0 11 6 10 1 3 0 2
1 7 2 8 . 0 77 2 1 48 16 13 4 1 4 6 3 0 0 0 0 0 0
1 7 2 5 . 0 77 2 2 4 8 16 14 4 6 4 2 4 0 0 0 0 0 0
1 7 2 4 . 0 7 7 2 4 64 2 4 0 0 0 0 0 0 0 0 0
1 7 2 1 . 0 7 7 2 4 64 24 16 8 3 4 0 7 7 1 3 2 0 2
1 7 2 2 . 0 7 7 2 4 64 24 16 7 8 1 0 10 8 18 5 1 0 1
1 7 2 3 . 0 77 2 4 64 2 4 16 7 9 1 3 11 98 3 6 0 11 1
1 7 2 6 . 0 7 7 2 3 80 16 15 8 1 4 2 2 0 0 0 0 0 0
1 7 2 9 , 0 77 2 4 9 6 16 9 5 8 2 8 3 0 0 0 0 0 0
1 7 3 0 . 0 77 2 4 9 6 2 4 16 1 3 2 9 0 10 7 7 3 5 12 1
1 8 6 7 . 0 7 7 3 1 48 16 11 3 7 4 3 0 30 0 0 - 0 0 0 0
1 8 6 8 . 0 7 7 3 2 4 8 16 13 4 1 5 5 3 0 0 7 0 0 0
1 3 6 4 . 0 77 3 4 6 4 2 4 0 0 0 0 0 0 0 0 0
1 8 6 5 . 0 77 3 4 6 4 2 4 0 0 0 0 0 0 0 0 0
1 8 6 6 . 1 77 3 4 6 4 2 4 14 7 6 3 0 7 6 5 3 2 0 2
1 9 6 3 . 0 7 7 3 4 64 2 4 15 6 5 7 0 8 8 3 4 3 0 2
1 8 6 6 . 0 7 7 3 4 6 4 2 4 15 7 0 5 0 11 8 20 3 4 0 1
1 8 6 9 . 0 7 7 3 3 96 24 16 1 2 9 9 0 0 0 4 2 4 0 1
1 5 7 3 . 0 77 4 3 6 4 16 15 5 8 2 9 3 0 0 0 0 0 0
1 5 7 5 . 0 7 7 4 4 64 24 0 0 0 0 0 0 0 0 0
1 5 7 4 . 0 7 7 4 4 64 2 4 0 0 0 0 0 0 0 0 0
1 5 7 6 . 0 77 4 4 64 24 16 8 0 4 3 11 96 3 2 0 11 1
1 1 6 6 . 0 7 8 1 1 48 16 16 6 8 1 0 2 0 0 0 0 0 0
1 1 7 4 . 0 7 8 1 4 64 16 16 6 9 0 5 3 0 0 0 0 0 0
1 1 7 1 . 0 7 8 1 4 6 4 24 16 8 9 0 0 0 0 10 5 8 0 2
1 1 6 7 . 0 7 8 1 2 64 2 4 16 9 2 3 0 0 0 7 0 2 12 3
1 1 7 0 . 0 7 8 1 4 64 24 16 9 6 0 0 7 4 8 2 1 0 3
1 1 7 3 . 0 78 1 4 64 24 16 8 5 0 0 7 7 11 4 3 11 2
1 1 7 2 . 0 7 8 1 4 64 2 4 16 8 5 4 0 11 9 10 3 5 0 1
1 1 7 6 . 0 7 8 1 4 9 6 16 9 0 0 0 0 0 0 0 0
1 1 6 8 . 0 7 8  .1 3 9 6 24 16 1 4 3 0 0 6 _  3 7 5 1 0 2
1 1 7 7 . 0 78 1 4 9 6 24 16 1 4 9 5 0 8 4 4 6 3 0 3
-------------1 1 7 5 . 1 7 8 1 4 1 28 24 6 - 7 1 5 0 0 0 6 2 10 0 2
1 1 7 5 . 0 7 8 1 4 128 24 5 5 9 0 0 0 0 10 1 1 0 2
1 1 6 9 . 0 7 8 1 4 1 28 24 16 1 8 5 2 0 7 6 10 2 3 o 1
1 0 3 3 . 0 7 8 2 4 64 16 11 4 2 3 2 3 0 0 0 0 0 0
1 0 3 1 . 0 78 2 4 64 2 4 1 6 8 9 4 0 8 6 9 7 1 0 3
1 0 3 2 . 0 78 2 4 64 24 16 8 0 3 0 7 6 4 5 4 9 2
1 0 2 9 . 0 7 8 2 4 6 4 2 4 16 7 8 4 0 _  9 _7 8 5 3 0 2
1 0 3 0 . 0 7 8 2 4 64 2 4 16 7 7 7 0 11 7 33 3 0 0 1
218 .
— 1 8 4 3 . 0  - 78 3 4 64 16 . 16
1 8 4 4 . 0 78 3 1 64 16 14
- 1 8 3 0 . 0 78 3 4 64 24 0
1 8 3 6 . 0 78 3 4 64 24 16
1 8 4 0 . 0 78 3 4 64 24 15
1 3 4 1 . 0 78 3 2 64 24 15
1 8 3 7 . 0 78 3 4 64 24 16
1 3 3 9 . 0 78 3 4 64 24 16
1 8 4 2 . 0 78 3 4 96 24 16
1 5 8 4 . 0 78 4 4 48 16 11
1 5 8 5 . 0 78 4 4 64 16 16
1 5 8 1 . 0 78 4 4 64 24 0
1 5 8 2 . 0 78 4 4 64 24 0
1 5 8 3 . 0 78 4 4 64 24 0
1 5 8 0 . 0 78 4 4 64 24 15
1 0 1 8 . 0 79 1 4 64 16 15
1 0 1 1 . 0 79 1 1 64 16 16
1 0 1 7 . 0 79 1 4 64 24 16
1 0 1 4 . 0 79 1 4 64 24 16
1 0 1 5 . 0 79 1 4 64 24 16
1 0 1 6 . 0 79 1 4 64 24 16
1 0 2 1 . 0 79 1 4 80 16 8
1 0 1 2 . 0 79 1 3 96 16 14
1 0 2 0 . 0 79 1 4 96 24 12
1 0 1 3 . 0 79 1 4 96 24 13
1 0 1 9 . 0 79 1 4 96 24 14
1 0 2 2 . 0 79 1 4 96 24 15
1 5 4 8 . 0 79 2 2 48 16 15
1 5 6 7 . 0 79 2 4 64 16 12
1 5 5 2 . 0 79 2 1 64 24 15
1 5 6 2 . 0 79 2 4 64 24 15
1 5 6 5 . 0 79 2 4 64 24 15
1 5 6 6 . 0 79 2 4 64 24 15
1 5 6 3 . 0 79 2 4 64 24 16
1 5 6 4 . Q— 79 2 4 64 24 15
1 5 5 3 . 0 79 2 3 96 24 15
0 0 0 
0 0 0 
0 0 0 
3 10 2 
0 11 3 
0 10 2 
0 0 0 
0 0 
0 0 
0 2 
0 2 
0 2 
0 1 
0 1 
0 2 
0 0 
0 0 
0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
7509 9 94 3 1 0 11 3
6586 3 0 0 0 0 0 0
7779 3 0 0 0 0 0 0
7450 8 4 5 2 6 0 2
9760 10 4 2 1 3 0 2
9270 9 6 10 3 2 0 2
8820 10 7 13 13 1 13 1
5096 4 0 0 0 0 0 0
9755 4 0 0 0 0 0 0
11649 6 2 0 7 0 10 3
13823 9 2 2 4 2 11 1
12952 6 3 0 4 0 11 3
13287 9 6 10 6 5 11 2
15480 30 0 0 0 0 0 0
6724 3 0 0 0 0 0 0
9537 7 93 2 4 0 11 3
8532 10 94 2 2 0 11 2
7930 10 94 11 3 0 10 2
8875 10 94 3 4 5 11 2
8291 11 95 9 5 0 10 1
7800 11 96 9 4 3 10 1
13460 7 3 2 4 3 0 2
1 5 5 1 . 0  79 -  2 1— 96 - - 24 -  15  13490  7 — V  I -  4— 7 -1 3  2
1 7 5 7 . 0  79  3 1 48  16 15  5375  4 0 0 0 0 0 0
1 7 6 4 . 0  -  79  3 4 -  6V  16  1  - 4 8 6 3 — 3 — 0-  0 -  0-  0— 0 O
1 7 6 1 . 0  79  3 4  64  24  0 0 0 0 0 0 0 0 0
- 1 7 5 0 . 0 — 79  3 2 -  6V  2 4  0-----------------------  0 0 -  0 0 0 —  0 —  0 -0
1 7 6 0 . 0  79  3 4  64  24  0 0 0 0 0 0 0 0 0
------------------------------ £ 76 -3 . 0  — 79  3 4— 64  24— 0------------------------0— 0 — 0 0 —  0— 0—  0— 0—
1 7 5 9 . 0  79  3 4  64  24  0 0 0 0 0 0 0 0 0
1 7 6 2 . 0  79  3 4— 64  24  16  7000  11— 8  17— 4—  1— 0 1—
1 7 6 5 . 0  79  3 3 96  24  l'6 13280  10 5 2 4 2 0 2
1 8 4 7 . 0— 7 9 - 4 - 2  4 6  16  13  4 4 3 V  5  0— O 0 — 0—  0— 0 —
1 8 2 7 . 0  79  4 1 48  16 15 5101  3 0 0 0 0 0 0
- 1 0 2 3 ^ 0— 7 8 - 2  I
1 0 2 4 . 0  78  2 2
1 0 2 8 . 0  78  2 4
1 0 2 7 . 0  78  2 4
1 0 2 5 . 0  78  2 3
1 0 2 6 . 0  78  2 4
- 8 6 - 16—11______5638
96  16  15  10289  
96  16 16  11143  
96  24  16 13360  
96  24  15  . 13388  
96  24  16 12933  
6789  
6292  
0
8500  
7220  
7330  
7680  
7320  
12770  
3338  
6017  
0
3 _  0 - _0 _  0
4 0 0 0
3 0 0 0
7 4 5 8
10 5 0 12
6 7 2 10
3 0 0 0
3 0 0 0 0
0 0 0 0 0
6 5 17 4 5
6 6 13 1 6
9 7 14 4 2
11 7 23 5 2
11 8 42 7 1
7 6 3 2 3
3 0 0 0 0
2 0 0 0 0
0 0 0 0 0
sc
219 .
l a a a . o —  
1 9 3 4 , 0
79
79
4 -
4
-4—
4
54— 2 4- - 0 -  
64 24 16
0 0 
7930 10
-  0__ 0—
7 25
- 0
6
_ 0 -
3
—0-
0
a
1
1 8 3 5 . 1 79 4 4 64 24 16 7890 11 8 23 4 Q o 0
1 8 3 5 . 0 79 4 4 64 24 16 7483 11 97 16 3 2 10 1
1 8 3 ? • 0 79 4 4 8 0 1 6  16 8359 5 0 0 0 0 0 0
1 9 0 6 , 0 80 1 4 48 16 16 5710 2 0 0 0 0 0 0
l o a n  n ftn 1 1 64 16 9 4507 3 o a o Q o 0
1 9 0 8 , 0 80 1 3 64 24 15 8720 6 3 7 3 1 0 3
1 9 0 5 . 0 80 1 4 64 24 16 9050 6 4 2 4 1 0 2
1 9 0 1 , 0 80 1 2 64 24 16 9610 6 4 5 2 1 0 3
1 9 0 2 . 0 80 1 4 64 24 14 7900 7 5 10 2 0 0 3
1 9 0 4 , 0 80 1 4 64 24 16 7810 11 7 4 5 3 0 1
1 9 0 3 , 0 80 1 4 64  ^ 24 16 7790 11 8 17 9 11 9 1
1 9 0 7 . 0 80 1 3 96 24 16 13280 7 6 8 2 4 11 1
1 8 8 2 , 0 80 2 4 48 16 16 5681 2 0 0 0 0 0 0
1 8 8 3 . 0 80 2 2 48 16 16 5466 3 0 0 0 0 0 0
1 8 7 7 . 0 80 2 4 64 24 16 8020 9 5 15 3 0 0 2
1 8 8 0 . 0 80 2 4 64 24 16 8760 6 5 7 5 1 0 2
1 8 7 9 . 0 80 2 4 64 24 16 7420 9 7 1 8 6 0 2
1 9 7 8 . 0 80 2 4 64 24 16 7220 11 7 32 3 2 10 1
1 3 8 1 , 0 80 2 3 96 24 0 0 0 0 0 0 0 0 0
1 6 1 1 , 0 80 3 4 48 16 16 4810 3 0 0 0 0 0 0
1 6 1 7 . 0 80 3 1 64 16 15 6166 2 0 0 0 0 0 0
1 6 1 0 . 0 80 3 4 64 24 0 0 0 0 0 0 0 0 0
1 6 0 9 , 0  - 80 3 4 64 24 0 ------0 - 0 0 - 0 0 0 0 0
1 6 0 8 , 0 80 3 4 64 24 0 0 0 0 0 0 0 0 0
1 6 2 2 , 0 80 3 4 64 24 0 0 0 0 0 0 0 0 0
1 5 8 9 . 0 80 4 4 48 16 16 4340 4 0 0 0 0 0 0
1 5 8 6 . 0 80 4 1 64 16 16 5884  3 0 0 0 0 0 0
1 5 8 8 . 0 80 4 4 64 24 0 0 0 0 0 0 0 0 0
1 5 8 7 . 0 80 4 4 64 24 14 6710 11 8 21 0 0 10 1
2 9 4 3 . 0 81 1 4 64 16 16 4772  3 0 0 0 0 0 0
2 8 3 8 , 0 81 1 4 64 24 16 9520 7 6 4 4 3 0 3
2 8 4 2 . 0 81 1 4 64 24 16 8570 9 7 9 5 7 0 1
2 8 4 3 . 1 81 1 4 64 24 16 7930 10 8 1 23 5 0 2
2 8 4 1 . 0 81 1 4 64 24 16 8570 9 8 10 5 3 0 2
2 8 4 0 - 0 8 1 1 4 64 24 16 8550 9 8 6 8 2 0 2
2 8 3 9 . 0 81 1 4 96 24 13 12039  7 7 0 4 8 10 3
2 8 3 8 . 1 81 1 4 128 24 15 17860 7 6 14 3 5 11 2
2 8 3 4 , 0 81 1 3 128 24 16 18160 8 6 13 2 1 12 2
2 8 3 7 . 0 81 1 4 128 24 16 18160-  9 8 2 13 3 -  0 2
2 8 3 6 . 0 81 1 4 128 24 16 17380 11 8 15 28 7 0 2
------------ 2 8 3 5 . 0  - - 81 ~1 4- 128 24 16 17070 11 -- 8 - 2 5 -  18__ — 0 - L
2 8 3 3 . 0 81 1 3 158 24 16 0 8 95 5 4 0 10 0
8 6 2 . 0 81 2 1 48 15  8 280 0 3 0 0 0 0 0 Q
8 2 6 . 0 81 2 2 48 16 16 5321 3 0 0 0 0 0 0
‘ 834- .d 81 2 4 64 1 6 1 6 6246  4 0 0 0 0 o 0
9 3 1 . 0 81 2 4 64 24 0 0 0 0 0 0 0 0 0
8 2 7 . 0 -_51 2 ? 64- 24-  16- 8880 6 4 Z  4 o 3.
8 3 3 , 0  81 2 4 64 24 16 7760 7 5 9 3 1 0 2
____8 3 0 . 0 81 2 4 64 24 15 7107 9 97 9 6 2 11 z
8 3 2 . 0 81 2 4 64 24 16 7501 11 98 15 4 0 10 i
_ 8 2 5 . 0 81 2 1 96 24 11 9000 7 5 13 0 2 1 0 3
8 3 6 . 0 81 2 4 96 24 12 10087 4 9 9 0 2 11 3
220 .
9 2 9 . 0 81 2 4 128 24 16 1 7 6 1 0 7 6 3 3 1 0 2
8 2 8 . 0 81 2 4 128 2 4 - 16  1 6 2 2 0 — 7— - 6 4 2 -  Z - 0 z
3 3 3 . 1 81 2 4 128 24 16 1 7 5 2 0 9 7 1 2 1 0 2
- 1 3 9 7 . 0 -  81 3 - 4 -  6 4 2 4 0 0 a - 0 0 0 0 0 0
1 3 9 6 . 0 81 3 4 64 24 0 0 0 0 0 0 0 0 0
1 3 9 5 . 0 81 3 4 64 24 0 0 o 0 0 0 0 a 0
1 3 9 3 . 0 81 3 1 64 24 0 0 0 0 0 0 0 0 0
1 3 9 9 . 0 81 3 4 64 24 12 5 5 8 7 9 9 6 4 4 1 l i 2
1 3 9 8 . 0 81 3 4 64 24 16 7 3 4 0 10 9 7 14 0 2 10 1
1 3 9 4 . 0 81 3 3 96 24 0 0 0 0 0 0 0 0 0
1 2 1 3 . 0 81 4 4 48 16 0 0 0 0 0 0 0 0 0
1 2 1 6 . 0 81 4 4 64 2 4 15 7 3 8 0 9 8 10 1 3 0 2
1 2 1 4 . 0 81 4 4 64 2 4 16 7 3 7 0 11 8 10 8 2 0 3
1 2 1 5 . 0 81 4 4 64 2 4 16 7 3 3 0 11 9 2 9 4 9 0 1
9 0 1 . 0 8 2 1 4 48 16 7 2 4 7 6 1 0 0 0 0 0 0
8 8 8 . 0 8 2 1 2 6 4 16 16 7 5 5 3 5 0 0 0 0 0 0
8 9 3 . 0 8 2 1 4 64 2 4 16 9 4 5 0 7 4 2 2 2 0 3
8 9 9 . 0 8 2 1 4 64 24 16 9 3 7 0 10 7 2 3 1 0 3
3 9 6 . 0 8 2 1 4 64 24 16 9 0 0 0 9 7 7 3 5 10 2
8 9 5 . 0 8 2 1 4 64 24 15 8 3 6 0 10 7 8 3 2 0 1
8 9 4 . 0 8 2 1 4 64 24 15 8 2 1 0 8 7 3 3 0 0 3
8 9 1 . 0 8 2 1 4 64 2 4 16 7 2 8 0 11 7 4 6 7 0 1
8 9 7 . 0 8 2 1 4 64 24 16 8 9 3 0 10 9 10 6 4 0 1
8 8 7 . 0 8 2 1 1 80 16 16 8 9 7 0 4 0 0 0 0 0 0
9 0 0 . 0 8 2 1 4 128 24 0 0 0 0 0 0 0 0 0
8 9 0 . 0 8 2 1 3 128 2 4 13 1 5 5 0 0 7 3 2 3 3 0 3
8 9 1 . 1 8 2 1 4 128 24 16 1 9 7 9 0 7 5 2 1 2 0 3
9 0 1 . 1 8 2 1 4 128 24 16 1 8 1 6 0 10 6 5 1 1 0 2
8 9 8 . 0 8 2 1 4 128 24 16 1 8 3 3 0 8 6 9 2 2 0 2
8 9 2 . 0 8 2 1 4 128 24 16 1 9 0 7 0 7 6 1 1 1 0 2
8 8 9 . 0 8 2 1 3 158 24 15 0 6 95 0 0 0 0 0
6 5 7 . 0 8 2 2 3 4 8 16 6 2 1 0 0 1 0 0 0 0 0 0
6 5 2 , 0 8 2 2 1 4 8 16 7 2 4 5 7 1 0 0 0 0 0 0
6 5 9 . 0 8 2 2 4 6 4 16 16 7 2 9 3 3 0 0 0 0 0 0
6 5 8 . 0 8 2 2 4 6 4 16 0 0 0 0 0 0 0 0 0
--------------------  6 5 6 . 0 8 2 2 3 6 4 2 4 15 8 5 0 0 7 4 2 3 1 0 3
6 6 2 . 0 8 2 2 4 64 24 16 9 4 3 0 8 5 7 3 2 0 3
6 6 3 . 0 8 2 2 4 6 4 24 16 8 9 1 0 7 5 4 3 3 0 2
6 5 5 . 0 8 2 2 4 64 24 14 7 7 5 0 7 6 1 5 1 0 3
6 6 2 . 1 8 2 2 4 6 4 24 15 7 5 0 0 7 7 4 2 1 0 2
6 6 0 . 0 8 2 2 4 64 24 15 8 1 5 0 9 7 2 4 1 10 2
6 6 1 . 0 8 2 2 - 4 64 - 2 4 15 7 7 8 0 - 11 -  8 16 5 2 0 1
6 6 9 , 0 8 2 2 4 80 16 15 8 6 6 2 3 0 0 0 0 0 0
- 6 5 3 . 0 8 2 2 1 9 6 2 4 15 1 2 9 8 6 7 5 3 5 0 11 3
6 6 8 . 0 8 2 2 4 128 2 4 15 1 8 2 9 0 8 4 1 3 1 0 3
6 5 4 . 0 8 2 2 4 1 2 8 2 4 14 1 6 1 3 0 8 5 3 0 1 0 Z
6 5 5 . 1 8 2 2 4 128 2 4 15 1 7 7 9 0 9 6 6 1 2 0 2
7 4 0 .  A- o p . /, A 4 - 1 6 1 A- A c> 9 ? - 4 ^ 0  . o o 0 n oI  .  u o  c . J T O  «T i  D \J
7 3 7 . 0 8 2 3 1 6 4 24 0 0 0 0 0 0 0 0 0
____ 7  A A A a o A 4 - 1 A Q A  A 0 7 4 2 2 V a 2i t u . D o  c w •f C X o c. * -
7 4 6 , 0 8 2 3 4 64 24 13 7 2 9 0 8 5 1 4 2 0 3
Q  O *3 A A  /* *? /« 1 A c n  i  n Q C 2 c 2 n 2
f  J 8  •  0 o  c o •f i  o 71 i U ■ - c Cm V-
7 3 9 , 0 8 2 3 4 64 24 16 8 7 8 0 9 7 16 6 2 0 2
221 .
_ 7 4 1 . n A? 3. 4  6 4  ?4  16___ft 16 0 7 ft 14 4 6 i n 2
7 4 4 , 0 8 2 3 3 96 24  16 1 4 1 0 2 7 4 0 13 0 0 3
7 4 5 . 0 8 2 3 4 1 28 2 4  15 1 7 2 2 0 7 5 4 1 1 0 1
7 ^ 3 . 0 8 2 3 4 128 24  16 1 8 0 9 0 9 6 2 4 2 0 2
1 3 5 8 . 0 82 4 3 6 4 l b  9 4 4 0 0 3 0 0 0 0 0 0
1 3 5 5 . 0 8 2 4 4 6 4 16 16  7 1 4 3 5 0 0 0 0 0 0
___________ 1 3 5 9 ^ 0 8 2 4 1 6 4 2 4  0 0 0 0 0 0 0 0 0
1 3 5 4 , 0 8 2 4 4 6 4 2 4  0 0 0 0 0 0 0 0 0
1 3 5 3 . 0 8 2 4 4 64 2 4  0 0 0 0 0 0 0 0 0
1 3 5 1 . 0 8 2 4 4 64 2 4  0 0 0 0 0 0 0 0 0
1 3 5 2 . 0 8 2 4 4 64 24  16 8 3 0 5 11 8 6 5 3 9 1
1 3 5 7 . 0 8 2 4 3 96 2 4  16 1 3 9 4 0 9 4 5 3 3 0 3
1 3 7 1 . 0 8 2 5 1 48 16 14 5 0 5 6 3 0 0 0 0 0 0
1 3 7 0 , 0 8 2 5 4 64 16 15 7 1 1 8 3 0 0 0 0 0 0
1 3 6 8 . 0 8 2 5 4 6 4 2 4  0 0 0 0 0 0 0 0 0
1 3 6 7 . 0 8 2 5 4 64 2 4  0 0 0 0 0 0 0 0 0
1 3 5 9 . 0 8 2 5 4 6 4 2 4  16  8 3 7 0 10 10 0 0 0 9 3
1 3 6 2 . 0 8 2 5 3 80 1 6  7 3 4 5 6 3 0 0 0 0 0 0
6 2 8 . 0 8 3 1 4 64 16 8 3 7 0 8 3 0 0 0 0 0 0
6 2 3 . 0 8 3 1 4 64 16 11 4 6 1 9 5 0 0 0 0 0 0
6 1 9 . 0 8 3 1 4 64 2 4  16 9 6 8 0 7 4 0 5 2 0 2
6 2 0 . 0 8 3 1 4 64 24  16 8 3 2 0 11 7 8 3 1 11 1
6 2 2 . 0 8 3 1 4 64 24  15 7 5 0 0 10 9 3 4 2 0 1
6 2 1 . 0 8 3 1 4 64 24 16 7 9 0 0 10 9 17 4 5 9 1
6 1 6 . 0 8 3 1 2 80 16  16 8 9 5 5 3 0 0 o 0 o o
6 1 5 . 0 8 3 1 1 80 16 13 7 7 9 4 1 0 0 0 0 0 0
6 1 7 . 0 83 1 3 96 2 4  1 6  1 4 0 5 6 10 4 4 4 0 0 2
6 2 7 . 0 8 3 1 4 128 2 4  11 1 3 8 5 0 7 3 7 1 2 0 2
6 2  6 , 0 8 3 1 4 128 2 4  15  1 7 0 1 0 8 - 5 2 3 1 0 2
6 1 8 , 0 8 3 1 4 128 24  16 1 9 0 6 0 9 5 2 3 2 0 1
7 1 6 . 0 8 3 2 3 4 8 16 8 2 8 5 1 2 0 o o o o o
7 1 5 . 0 8 3 2 2 4 8 16  11 3 7 9 1 1 0 0
— VI- 
0 0 0 0
7 1 4 . 0 8 3 2 1 4 8 1 6  1 5  5 1 0 0 _ 3 0 0 0 0 0 0
7 2 1 , 0 83 2 4 6 4 16 16 6 0 2 4 4 0 0 0 0 0 0
----------- 7 1 9 , 0 8 3 2 4 64 2 4  16  9 3 4 0 6 4 2 2 6 9 2
7 2 0 . 0 8 3 2 4 64 24  16 7 5 2 0 7 7 17 2 1 0 2
7 1 7 . 0 8 3 2 4 6 4 24  16  7 6 2 0 8 7 10 1 2 o 2
7 1 8 . 0 8 3 2 4 64 24  16 7 0 3 0 11 8 24 23 1 0 1
---------  - 7 3 0 . 0 8 3 2 4 96 16 15 9 7 1 9 3 0 0 0 0 o 0
7 2 2 . 0 8 3 2 4 1 28 24 16 1 7 8 3 0 6 4 1 2 1 11 2
--------- 7 2 9 . 0 8 3 2 4 1 28 24  16 1 7 5 2 0 8 5 4 3 2 0 2
1 3 5 0 . 0 83 3 4 64 2 4  0 0 0 0 0 0 0 0 0
- 1-A4-7- 0 A3 - 64 2 4  o n o n 0 o 0 n 0
1 3 4 6 . 0 8 3 3 4 64 24  0 0 0 0 0 0 0 0 0
1 3 4 8 . 0 8 3 3 4 6 4 2 4  16 8 6 2 0 8 7 15 5 0 10 3
1 3 3 8 . 0 8 3 3 1 6 4 2 4  16 8 6 1 7 9 94 9 2 2 10 2
---------------1 3 5 6 r 0 8 3 3 4- 9 6 - 2 4  1 6  1 2 7 2 0 7 5 ... 3 4 2 ft 2
1 3 4 9 ^ 0 8 3 3 4 9 6 24  15 1 1 4 5 0 8 7 6 4 2 12 2
2 8 4 5 . 0 -  - 8 4 - 1_3 48- 16 1 3  5 1 2 2 2__ Q Q 0 ft Q 0
2 9 4 4 , 0 8 4 1 3 48 16 10 3 9 2 7 3 0 0 0 0 0 0
2 8 6 1 . 0 3 4 1 4. 64 16  1 6  6 7 6 3 5 Q Q o o o 0
2 8 4 8 , 0 8 4 1 3 64 16 10 4 8 7 2 4 0 0 0 0 0 0
2 8 4 6 . 0 8 4 1 3 64 1 8  10 4 9 9 4 3 Q 0 a o o 0
2 8 5 8 , 0 8 4 1 4 64 24  16 9 3 8 0 6 4 3 10 0 0 3
222
2 8 5 9 . 0 84  1 4 64 24 16 - 8 770 6 5 9 8 2 Q 2
2 8 5 7 . 0 84 1 4 64 24 16 9 5 7 0 6 5 6 1 2 11 3
2 8 6 0 . 0 84  1 4 64 24 16 8 5 0 0 6 7 5 10 4 0 2
2 3 5 6 . 0 84  1 4 96 16 11 7 2 8 5 3 0 0 0 0 0 0
- _ .  ----- 2 8 5 1 . 0 84 1 2 96 24 13 1 2 2 8 0 10 4 0 11 0 10 3
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1 4 2 6 . 0 9 0 3 3 4 8 16 16 5 1 3 7 4 0 0 0 0 0 0
1 4 2 5 . 0 9 0 3 4 6 4 16 16 6 4 0 7 3 - a 0 0 0 0 0
1 4 2 4 . 0 9 0 3 4 6 4 2 4 0 0 0 0 0 0 0 0 0
1 4 1 0 - 0 Q 0- 1 6 4 2 4 0 a Q_ o_ 0 o 0 0 0
1 4 2 1 . 0 9 0 3 4 6 4 2 4 16 7 7 2 0 9 9 4 0 3 1 11 3
QO 84- 1 6 Aft 1ft 10 9 8 8 2 3  1 1 1
1 4 2 2 . 0 9 0 3 4 6 4 2 4 16 6 9 8 2 10 9 8 5 2 0 10 2
1 4 2 7 - 0 9  Q 3 a 9 6 2 4 1 6 1 0 9 3 0 1 1 7 10 1 2  0 1
1 4 4 7 . 0 9 0 4 1 4 8 16 15 4 6 7 2 4 0 0 0 0 0 0
1 4 5 1  . ft 9 0 - 4 ^ 4 . 6 4 16 14 - 5 3 4 6 3 .  0 0 o 0 0 0
1 4 5 2 , 0 9 0 4 3 6 4 2 4 16 6 9 7 2 9 9 4 0 2 0 11 2
1 4 4  ft -  0 Q0 L. L. 6 4 - 2 4 1 6  - 7 1 4 7 1 0 9 ft a 3 0 1 1 2
1 4 4 9 . 0 9 0 4 4 6 4 2 4 16 6 7 1 1 10 9 7 8 3 0 10 1
1 4 5 0 . 0 9 0 4 4 — 6 4 2 4 1 6 -  6  8 5 8 1 0  9 7 _5__2_ - 0  1 0 2
2 5 3 8 . 0 9 1 1 2 4 8 16 11 3 9 5 1 3 0 0 0 0 0 0
2 5 3 6 . 0 9 1 1 1 4 8 1 6 13 4 7 2 9 5 o 0 o Q 0 0
2 5 4 3 . 0 91 1 4 6 4 1 6 15 7 0 7 2 3 0 0 0 0 0 0
2 5 3  9 .a 91 1 3 6 4 24 1 4 - 7 8 0 0 6 7 6 a 2  0 3
2 5 4 2 . 0 91 1 4 6 4 2 4 16 8 1 1 0 8 8 4 4 6  0 2
- 2 5 4 1 . 0 91 1 4 6 4 2 4 1 6 6 4 5 0  IQ 9 1 3 9 6  0 1
2 5 4  0 . 0 9 1 1 4 6 4 2 4 16 8 0 2 0 10 10 3 3 4  0 2
2 6 4 0 . 0 9 1 2 4 4 8 16 16 4 8 4 9 5 0 0 0 0 _ 0 0
2 6 4 3 . 0 91 2 4 4 8 16 15 4 6 2 3 5 0 0 0 0 0 0
2 6 4 2 . 0 -  9 1  2 W- -  4 8 16 16 4 5 1 3 5 0 . . .  0 Q_ _ 0  0 0
2 6 4 1 . 0 91 2 4 4 8 16 16 4 4 7 1 5 0 0 0 0 0 0
2 6 4 4 . 0 9 1 2 4 8 0 16 11 5 2 6 7 3 0 0 0 0 0 0
2 4 5 2 . 0 9 1 3 4 6 4 2 4 15 6 8 9 0 11 8 8 4 4  0 1
2 4 5 1 . 0 91 3 4 6 4 2 4 16 7 1 1 0 11 3 1 3 2 3  0 1
2 6 8 2 . 0 9 2 1 4 6 4 2 4 0 0 0 0 0 0 0 0 0
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2 6 7 9 .0
2 6 7 5 .0
2 6 7 8 .0
2 6 8 1 .0  
2 6 8 0 .0
2 6 7 7 .0
2 6 7 6 .0
2 7 1 0 .0  
- 2 7 0 9 . 0
2 7 0 8 .0
2 7 0 6 .0
2 7 0 7 .0
znz.Q
2 7 1 1 .0
2 6 3 8 .0
2 6 2 4 .0
2 6 3 7 .0
2 6 3 5 .0  
-------  2 6 3 6 . 0 -
2 6 3 9 .0
2 6 36 .1
2 4 5 6 .0  
2 4 5 4 . 0 -
2 4 5 5 .0
------------ 2 5 1 4 . 0 -
2 5 0 4 .0
----------2 5 0 2 . 0 -
2 5 06 .0  
--------2 5 0 5 . a -
2 5 03 .0
-------------2 5 1 5 . 0 -
2 5 1 3 .0
2 6 0 6 .0
2 6 0 5 .0  
2 6 0 4 .0 “
2 6 05 .1  
------------ 26 (13.0
2 5 9 8 .0
2 6 0 2 .0  
2 6 8 6 .0
2 6 8 3 .0
2 6 8 4 .0  
------ 2 6 8 5 . 0 -
2 6 7 2 .0
2 6 6 9 .0
2 6 74 .0
2 6 7 0 .0
2 6 7 1 .0
2 6 5 2 .0
2 6 51 .0
2 6 5 0 .0
2 5 07 .0
2 5 1 2 .0
2 5 09 .0
92 
92 
92 
92 
92 
92 
92 
92 
92 
92 
92 
92 
92 
92 
92 
92 
92 
92 
9 2 - 3  4 
92 3 3 
9 2 - 3  4 
92 4 4
92- 4 4
92 4 4
9 3 -  1-3-
93 1 4 
93 -1  3 
93 1 4 
93 1 -4  
93 1 4 
93 1-2-  
93 1 3 
93 2 1 
93 2 4
3 4 
3 4
64 24 16 7790 0 0 10 7 4 0 2
64 24 0 0 0 0 0 0 0 0 0
64 24 16 9090 8 6 4 2 1 0 3
64 24 16 7970 11 9 10 9 4 0 2
64 24 16 7700 11 10 30 3 7 0 1
112 16 11 8507 3 0 0 0 0 0 0
128 24 15 16310 9 7 3 1 6 0 2
48 16 10 3298 3 0 0 0 0 0 0
64 24 0 0 0 0 0 0 0 0 0
64 24 0 0 0 0 0 0 0 0 0
64 24 0 0 0 0 0 0 0 0 0
64 24 16 7160 11 9 18 10 3 0 1
80 16 16 8041 3 0 0 0 0 0 0
96 24 0 0 0 0 0 0 0 0 0
48 16 16 5062 3 0 1 1 3 0 0
64 16 12 5364 9 10 0 0 0 0 0
64 2 4 16 7300 9 8 23 3 2 10 2 -
64 24 16 7540 11 8 5 3 3 0 2
64 2 4 16 —7 7 2 0 - 11 9- 32 15— 4 0 1
64 24 16 9190 10 10 24 3 5 0 2
64 24 15 -  6510 11 10- 25- —3—-1— 0 -1
64 16 11 
64 24 16 
64 24 16
64—16---- 7-
64 24 15 
64 24  16 
64 24 15 
64 24 16 
64 24 16 
80 1 6 -13  
96 24 16 12588 10 
64 l£r 12— 5431 3
64 16 9 3670 5
3975 3 0 0 0
7 440 11—  8 30---- 3
6800 11 10 42 2
3066 — 3"— 0—  Ö—  0 
8190 8 7 6 3
8460 7 7 1 6
8310 10 8 2 3
8070 11 10 13 —5
7990 11 10 22 11
7631 —3— 0— 0 — 0-
9
0
0
0 0 0 
1—  0 i 
2 0 1 
0—  0 o
4 0 2
6 10 2 
6 10 2
5 — 0 1
5 0 1
a— o o 
1 10 1 
0-  0 0-  
0 0 0
93
93
93
2
2
2- ^
 ^
 ^
!
— 64  
64 
64
16
24
16
16
___A.
- 4  422 
8300
-o
If) o
 <
1 0^
0
-  0 
45
A
0
17
0
0
3
0
0-
0
a
0-
1
0t/ V
93 2 2 64 24 12 6130 10 7 6 1 2 0 2
93 2 4 64 24 16 8230 11 9 12 5 3 a 1
93 3 4 48 16 16 4806 2 0 0 0 0 0 0
93 3 3 48 16 16 4890 3 0 0 0 0 0 0
93 3 4 64 24 0 0 0 0 0 0 0 0 0
93 3 4 64 24 16 7560 11 9 25 9 - 2 0 1
94 1 4 64 16 15 6169 3 0 0 0 0 0 0
94 1 1 64 16 8 3875 3 0 0 0 0 0 0
94 1 3 64 24 0 0 0 0 0 0 0 0 0
94 1 4 64 24 16 8190 11 9 9 13 3 10 1
94 1 4 64 24 15 6940 11 10 21 9 3 0 1
-9 4 2 4 64 16 13 5757 3 0 0 0 0 0 0
94 2 4 64 24 12 5610 11 8 7 3 3 12 1
94 2 4 64 24 13 6400 11 9 7 3 5 0 1
95 1 1 48 16 13 4714 3 0 0 0 0 0 0
95 1 4 64 24 14 7750 9 6 4 4 4 0 2
95 1 4 64 24 16 7830 9 3 19 4 2 0 2
:/r.
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2 5 1 1 . 0 95 1 4 64 24 16 -726 0.... 8 10 15 4 6 0 2
2 5 1 0 . 0 95  1 4 64 24 16 7 1 1 0  11 10 22 5 10 0 1
2 5 0 8 . 0 95  1 2 80 16 12 6 5 1 7  3 0 0 0 0 0 0
2 6 5 8 . 0 95 2 4 64 16 16 6 0 4 8  3 0 0 0 0 0 0
2 5 6 7 . 0 95 2 4 64 24 0 0 0 0 0 0 0 0 0
2 6 5 6 . 0 95  2 4 64 24 16 7 1 3 0  10 9 24 5 2 0 1
----------  2 6 6 5 . 0  - 95 2 3 80 16_ 9 4 0 0 8  2 0 0 0 0 0 0
2 4 9 7 . 0 95  3 3 48 16 14 4 6 4 4  3 0 0 0 0 0 0
-----------  2 5 0 0 * 0 95  3 4 64 16 16 6 1 2 8  5 0 0 0 0 0 0
2 4 9 8 . 0 95  3 4 64 24 16 7 0 0 0  11 3 26 3 3 0 1
- 2 4 9 9 . 0 95  a  4 64 24 16 7 1 0 0  11 10 23 2 9 0 1
2 5 2 7 . 0 95 4 4 64 24 14 6 2 5 0  11 7 18 2 4 0 1
2 5 2 8 . 0 9 5  4 4 64 24 15 6 7 0 0  11 8 22 2 5 1 0 1
2 5 5 8 . 0 96  1 4 48 16 13 3 4 9 5  3 0 0 0 0 0 0
2 5 4 8 . 0 96 1 1 48 16 10 3 1 9 5  3 0 0 0 0 0 0
2 5 5 3 . 0 96 1 3 64 16 8 3 3 5 0  2 0 0 0 0 0 0
2 5 5 5 . 0 96  t  4 64 24 16 7 9 1 0  . 8 6___ 0 4 4 0 2
2 5 5 4 . 0 96  1 3 64 24 15 7 0 3 0  7 7 2 3 3 0 3
__ 2 5 5 6 * 0 9 6 -  1_ 4 -. 6 4 24. 16 6 7 0 0  11- 8 20 1 1 0 1
255 7 . Ö 9 6  1 4 64 24 16 6 5 7 0  11 10 36 4 4 0 1
2 6 5 7 . 0 96  - 2 —  4 _ 64 24 _ 0 - 0  0 0 0 0 0 0 0
2 6 5 6 . 0 96 2 3 64 24 0 0 0 0 0 0 0 0 0
____ 2 6 5 8 * 0 96  2 - 4 64 24 16 6 3 5 0  U 8 21 1 1 0 1
2 6 5 9 . 0 96  2 4 64 24 16 7 8 5 0  7 8 1 2 1 0 2
. 247 __ 9 6 . 1  4 64 16 12__ a  976 5 Q. 0. _ Q 0 0 0
2 4 7 7 . 0 96  3 4 64 24 16 6 7 5 0  9 7 10 2 1 0 2
_____ 2 4 7 8 . 0 96  3 4 64 24 IS 5 8 6 0  10 8 51 6 6 0 1
2 4 6 8 . 0 97 1 4 48 16 13 4 6 1 0  4 0 0 0 0 0 0
- 2 4 & 1 -  n_ 97  V I 48_ 1 6 1  4 5 2 6 4  2 - 0 Q 0 Q 0 Q
2 4 6 5 . 0 97 1 4 64 24 16 8 3 3 0  9 8 12 2 4 0 2
2466^*0— 97—1- 4 - 6 4 - 2 4 - 1 6 - -7-460-  11 __ 9 _ L a _ .12__ 2___9 .1__
2 4 6 7 . 0 9 7  1 4 64 24 16 7 7 9 0  11 10 13 2 4 0 1
_____ 2 4 6 4 . 0 97  1 3 80 16 15 7 7 1 4  3 0 0 0 0 0 0
2 5 6 1 i 0 97  2 4 48 16 16 4 5 7 1  3 0 0 0 0 0 0
- ___ 2 5 5 2 . 0 97 2 1 - 48 16- 14 - 4 1 7 0  a Q 0 0 0 0 0
2 5 5 9 . 0 97 2 4 64 24 0 0 0 0 0 0 0 0 0
- 2 5 6 0 . 0 97  2 4 64 24 16 7 1 7 0  10 10 27 4 3 0 1
2 5 5 1 . 0 97  3 4 64 24 16 7 0 2 0  11 8 28 4 3 0 1
2 5 5 0 . 0 9 7 - 3  4 64 24 1 6 - 7 1 8 0 - . 1 L 8 22 2- 1 0 1
2 6 1 7 . 0 98  1 3 48 16 11 4 2 5 6  3 0 0 0 0 0 0
2 6 2 5 . 0 - 98  1 1 64 1 6 12 5 8 1 0  3 0 0 0 0 0 0
2 6 1 8 . 0 98 1 3 64 24 14 7 9 5 0  7 6 4 2 3 0 3
____  2 6 2 8 . 0 9 8 - 1  4 64 24 16 8 1 7 0  11 9 1 3 7 0 1
2 6 2 6 . 0 98  1 4 64 24 16 8 4 7 0  11 10 9 4 6 0 2
2 6 2 7 . 0 98  1 4 64 24 16 7 3 3 0  10 10 18 14 4 0 1
2 6 9 8 . 0 98  2 3 64 16 16 6 5 6 4  3 0 0 0 0 0 0
2 7 0 1 . 0 98 2 4 64 24 0 0 0 0 0 0 0 0 0
2 6 9 9 . 0 98  2 4 64 24 16 8 0 4 0  8 6 3 3 1 0 2
2 7 0 0 . 0 9 8  2 4 64 24 16 6 9 7 0  11 8 20 2 _ 2 0 1
2 6 5 5 . 0 98  3 4 64 16 16 6 0 8 4  3 0 0 0 0 0 0
2 6 5 3 . 0 98 3 4 64 24 16 7 7 9 0  9 6 2 3 1 0 2
2 6 5 4 . 0 98  3 4 64 24 16 6 7 5 0  11 9 30 3 2 0 1
2 5 9 7 . 0 99  1 3 48 16 15 5 3 5 1  2 0 0 0 0 0 0
2 5 9 5 . 0 9 9  1 1 48 16 9 3 1 3 2  3 0 0 0 0 0 0
2 3 0 .
2 5 8 9 . 0 - 9 9  1 2 48 16 1 1 - - 3 8 1 2 3 0 0 0 0 0 0
2 5 8 8 . 0 99  1 4 64 16 14 6 0 4 6 3 0 0 0 0 0 0
2 5 8 4 . 0 99 1 4 64 24 16 8 5 3 0 6 7 3 3 1 0 2
2 5 8 7 . 0 99  1 4 64 24 15 7 5 9 0 8 10 6 2 4 0 2
- 2 5 8 6 . 0 99  1 4 64 24 15 6 8 2 0 11 10 22  5 3 0 1
2 5 8 5 . 0 99 1 4 64 24 15 7 5 2 0 10 10 21 4 6 0 1
- ___  2 5 8 3 . 0 99  1 1 96 16 10 600 1 3 0 0 0 0 0 0
2 5 9 6 . 0 99 1 3 96 24 0 0 0 0 0 0 0 0 0
2 6 2 3 . 0 99 2 1 64 16 14 6 4 5 8 2 0 0 0 0 0 0
2 6 2 9 i 0 9 9  2 3 64 16 14 6 1 9 3 3 0 0 0 0 0 0
2 6 3 4 . 0 99 2 - 4  — 64 16 16 7 0 2 0 3 0 -  0 _ 0- 0 0- 0 __
2 6 3 1 . 0 99  2 4 64 24 0 0 0 0 0 0 0 0 0
—- 2 6 3 3 . 0 - 99  2 4 64 24 0 o 0 0 0 0- 0 o Q l
2 6 3 2 . 0 99  2 4 64 24 16 6 9 3 0 11 8 30 9 2 0 1
____ 2 6 3 0 . 0 9 9  2 3 96 24 0 a o 0 0 0 0 Q 0
2 7 0 2 . 0 99  3 3 64 16 16 6 7 3 0 2 0 0 0 0 0 0
2 7 0 5 . 0 9 9  3 4 64 24 0 0 o 0 0 0 o Q o
2 7 0 3 . 0 99  3 4 64 24 0 0 0 0 0 0 0 0 0
? 7 A 4 ___A - __Q Q  3  A . 6 4- 24 16 7 5 1 0 11 7 21 5- 4 n  1
2 7 1 5 . 0 99  4 4 48 16 9 2 7 6 9 3 0 0 0 0 0 0
2 7 1 3 . 0 99 4^  4 6 4 24 o 0 0 0 0 0 a n  n
2 7 1 4 . 0 99 4 4 64 24 14 6 4 7 0 7 7 17 2 3 0 1
2 5 7 5 -  (V 100 1 1 48 16 9 38  91 3 0 0 0 0 o Q
2 5 8 0 . 0 100 1 4 48 16 16 5 0 6 5 3 0 0 0 0 0 0
pcl7 q - 0- - V Q A  I  A -64 2 4 0 n  a n  o  o o a  n
2 5 7 7 . 0 100 1 4 64 24 16 9 6 7 0 9 6 10 8 12 11 2
PA7A A 1 ft 0 1 - A. 6 4 2 4 1 4 7 4 0 0 9 7 4 2 1 o 2
2 5 7 8 . 0 100 1 4 64 24 16 7 9 7 0 10 10 19 7 1 0 2
2 5 8 2  a 100  1 3 80 1 a 1 A - f t  A ?  f t 3 n o n A A AC O  O c  •  V  1 U V /  1  J 1 o u V
2 5 9 * . 0 100 1 2 80 16 14 7 3 9 2 3 0 0 0 0 0 0
------------ 2 5 8 1 . 0 1 0 0  1 3 96 2 4 1 6 - 1 3 0 9 2 10 8 7 - 1 1 -  0 11- 1—
2 6 9 3 . 0 100  2 4 48 16 15 4 6 5 5 5 0 0 0 0 0 0
2 6 8 9 . 0 100 2 4 64 16 13 -  5 0 6 0 3 0 0 - 0 0 0 0
2 6 9 2 . 0 100  2 4 64 24 0 0 0 0 0 0 0 0 0
2 6 9 0 . 0 100  2 4 6 4 2 4 16 6 8 6 0 10 9 9 3 2 12 2
2 6 9 1 . 0 100  2 4 64 24 16 6 3 6 0 11 10 28  12 2 0 1
- 2 6 8 8 . 0 100  2 2 80 16 12 5 4 5 3 3 o o o 0 0 0
2 6 8 7 . 0 100 2 3 96 24 0 0 0 0 0 0 0 0 0
2 5 3 7 . 0 100 3 2 48 16 14 4 0 1 8 3 0 0 0 0 0 0
2 5 4 7 . 0 100 3 4 64 16 14 5 1 5 7 3 0 0 0 0 0 0
2 5 4 4 . 0 100 3 4 64 24 16 7 3 8 0 7 7 10 4 3 0 2
2 5 4 9 . 0 100 3 3 64 24 16 7 6 1 0 8 7 3 4 5 0 3
2 5 4 6 . 0 100 3 4 64 2 4 16 6 6 5 0 11 8 28 1 11 10 1
2 5 4 5 . 0 100 3 4 64 24 16 6 4 3 0 11 9 38 3 2 0 1
231 .
APPENDIX D
Computer program  TEDYP
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-------7 0 0 . ------------- F5 = l 0 0 — * MSG F5 BASE RATE/CUBIC-METRE____
7 0 1 .  F 7 = 110 • F7
7 0 2 .  F 8 = 1 1 5  • F8
7 0 3 .  F 9= 12 5  * F 11
704 .  -------- F4=80 » F 4 _________________ ___________
7 0 5 .  F 1=50 »REJECT
------------ 7 1 0 . ------------ G5 = l  0 0 - »-VISUAL- F 5 - BASE- RA-TE/CU3IC_ METRE-
7 1 1 .  G6=100 * F5 HEART IN
------------ 712  «------------ 67=11  0 * F 7 ______________ _________________ ______
7 1 3 .  G 8=115 »F8
------714-.------------ 6 9 = 1 2 5  * F l  1-----------------------------------------------------------------
7 1 5 .  G1=50 »REJECT
---------- 72 0 . ------
7 2 1 .
7 2 2 .
7 2 3 .
7 2 4 .
900 . 
1 0 0 0 . 
1 0 1 0 . 
1 0 1 5 .  
1020 .
1 0 2 5 .
1 0 2 6 .
- 1 0 2 7 .
1 0 2 8 .  
1 0 3 0 .  
1 0 4 0 .  
1 0 5 0 .  
1 0 6 0 .  
1 0 7 0 .  
1 0 8 0 .  
1090 .  
1100. 
1101. 
1102. 
110 3 .  
no4. 
1110. 
1112. 
111 3 .  
1 1 1 5 .  
1120. 
1 1 5 0 .  
1 1 6 0 .  
1 1 7 0 .  
118 0.  
119 0 .  
120 0.— 
1 2 10 . 
1220. 
1 2 3 0 .  
1 2 4 0 .  
1 2 4 5 .
-----B l= 1 4 5 -» C L E A R  B AS E R  ATE/CUB* M.- REL TO F 5 _____________
82 = 1 4 5  »JOINERY
---- B3=145  »SELECT-
0 4 = 1 4 5  »STANDARD
B5=80 »REJECT ___  _____
READ AS ♦ 6$
F I L E  RESTORE #1=A$ _____
F I L E  SCRATCH WIDTH ( 1 4 4 * 1 4 4 ) # 2 = 8 $
2=0 
Z=Z + 1
IF  Z>1500 GOTO 3000 
N=T1=L=P1=W2=W3=T2=T3=T=S=B=M=P=D=0 
V8=V2=U2=V=T2=M=S2=V3=V8=U3=V=T3=M=S3=0 
V 4= v 5 = L  2=T5=T 6=0
INPUT # l * N , T 9 , L * P l * W l * T l * L l » W , V * M , T , S * 8 , M 9 , P  
W2 =W1* 2 5 . 4 / 1 6  
T 2 = T 1 * 2 5  # 4 /1 6  
L2 =L1 * 1 2 * 2 5  .4
V 2 = V » 2 * T 2 * L 2 * lE - 9  »ROUGH SAWN VOLUME 
W3 = ( W 1 / 1 6 - .  125 ) *2  5 . 4  
T3 = ( T 1 /  1 6 - *  125 ) » 2 5.  4
V 3 = W 3 * T 3 * L 2 * l E - 9  »ACTUAL MACHINED VOLUME
I F  L 1 >0 GOTO 1110 »ASSIGN LENGTH=16 FT IF IT IS ZERO
L3 =48 76.  8
V 4 = W 2 * T 2 * L 3 * 1 E - 9  »L IKELY ROUGHSAWN VOLUME 
V 5 = W 3 * T 3 * L 3 * l E - 9  »L IKELY MACHINED VOLUME 
I F  V3 >0 GOTO 1 115 
D= 0
GOTO 1120
D= W / l  000 /V3 »DENSITY OF STICK 
REM
IF  T 1 =16 GOTO 1540 »BOARDS BYPASS 
IF  V = 6 GOTO 1240 
IFV= 7  GOTO 1250
I F  V=8 GOTO 126 0 -----
IF  V= 9 GOTO 1270
—  IF- V =-10- GOT01280 _______________ __________
IF V = 11 GOTO 1290
GOTO 1300
— V = 11 -  ---------------
GOTO 1300
so
233.
1250.
1255.
1260.
1265.
1270.
1275.
1280.
1285.
1290.
1300.
1301.
1302.
1303.
1304.
1305.
1306.
1310.
1311.
1312.
1320.
1321.
1330.
1331.
1332.
1340.
1341.
1350.
1351. 
1360. 
1370. 
1400. 
1405. 
1410. 
1415. 
1420. 
1425. 
1430. 
1435. 
1440. 
1445. 
1450. 
1455.
——  --- 1-5 0 0 »-
1 5 1 0 .  
1 5 2 a .  
1 5 3 0 .  
-  1 5 4 0 .  
1 5 5 0 .  
1 5 6 0 .  
1 5 7 0 .  
1 5 8 0 .  
1 5 9 0 .  
1 6 0 0 .  
1 6 1 0 .
V=8 —
GOTO 1300 
V = 7
GOTO 1300 
V=5
GOTO 1300
__V=L- ---  --- —
GOTO 1300 
- V=51
IF M=1 GOTO 1400 »MCH GRADE
IF M=2 GOTO 1400
IF M=3 GOTO 1400
IF M=4 GOTO 1400
IF M=91 GOTO 1400 
IF M=92 GOTO 1400 
IF M=93 GOTO 1400 
IF M=5 GOTO 1410 -
IF M=6 GOTO 1410
IF M=94 GOTO 1410 
IF M=7 GOTO 1420 
IF M=95 GOTO 1420 
IF M=8 GOTO 1430 
IF M=96 GOTO 1430 
IF M=97 GOTO 1430 
IF M=9 GOTO 1440 
IF M=98 GOTO 1440 
IF M=10 GOTO 1450 
IF M=99 GOTO 1450 
M=0
GOTO 1500 
M= 11
GOTO 1500 
M=8
GOTO 1500 
M=7
GOTO 1500 
M=5
GOTO 1500 
M=4
GOTO 1500 
M= 1
GOTO 1500
_IF _T<=.45*W3_ GOTO--L530_-1.CHECK_.FOR EXCESSIVE TWIST 
V= 1
M= 1 _______
GOTO 1700 »SCANTLING BYPASS 
IF V = L GOTO 1610...J BOARD GRADES 
IF V=2 GOTO 1620
— IF V=3 GOTO 1630 _________________
IF V=4 GOTO 1640 
IF V =5 GOTO 1650 —
V 6=V =0
GOTO 1700 _ _____ _____
V8=21
234
— 1 6 1 5 * --------1620,
1625.
1630.
1635.
1640.
--- 1645.--
1650.
170 0 • 
1710. 
1720. 
1730. 
1740. 
1750. 
1800. 
1801. 
1802.
1803.
1804.
1805.
1806. 
1310. 
1811. 
1815. 
1820. 
1821. 
1825. 
1330. 1831, 
1835.
1840.1841. 
1845.
1850.
1851, 
1855.
1860. 1861. 
1900. 
1910. 
1920. 1930.
------ 200 0.---
200 1 .
- 2002.2003.
- 2004,
2005.
2006. --
2 0 1 0. 
2 0 1 1. 
2015. 
2 0 2 0.“ 
202 1.
-GOTO 1700--------  ---------------  ------V 8 = 22
GOTO 1700 ______________________
V8 = 23
GOTO 1700_________  ______
V8 = 2 4
---GOTO 170 0----------------------------------
V8 = 25
--1F— T1 = 16 GOTO 2100 'BOARDS BYPASS
REM
IF M>0 GOTO 1800
S2 = 0S3=G
GOTO 1900 
IF M=U GOTO 1810 
IF M=8 GOTO 1820 
IF M=7 GOTO 1830 
IF M=5 GOTO 1840 
IF M=4 GOTO 1850 
IF M=1 GOTO 1860 
GOTO 1730
S2=V2*F9 'SAWN VALUE OF STICK,MCH GRADE
S3=V3*F9 'MACHINED VALUE OF STICK,MCH GRADE
GOTO 1900
S2=V2*F 8
S3=V3*F8
GOTO 1900
S2=V2*F7
S3=V3*F7
GOTO 1900
S2=V2*F5
S3=V3*F5
GOTO1900S2=V2*F4
S3=V3*F4
GOTO 1900
—  S2=V2*F1 S3=V3*F1
IF V>0 GOTO 2000 
T 5 = 0 
T 6=0
GOTO 2200 'BYPASS BOARD ANALYSIS
IF—V—11 GOTO- 2010------------ --- — _________
IF V=8 GOTO 2020
—  IF -V=7 GOT02030 
IF V=5 GOT02040 
IF V=51 GOTO 2050 
IF V=1 GOTO 2060
— GOTO 1910 — --  ---
T5=V2*G9 'SAWN VALUE OF STICK,VISUAL GRADE 
T6=V3*G9 'MACHINED VALUE OF STICK,VISUAL GRADE 
GOTO 2100
— T5=V2*G3 ----------  - _
T6=V3*G8
235 .
----- 2025*— .. - GOTO 2-100._______________________________ _ ______
2030. T5=V2*G7
- 2031 . T6=V3*G7_____ ___
2035. GOTO 2100
___  2040. T5 = V2fl,G5
2041. T 6=V3*G5
______ 2045.______GOTO 210Q_____________  . ______  _
2050. T5=V2*G6
2051. T6=V3*G6
2055. GOTO 2100
2060. T5=V2*G1
2061 . T6=V 3*61
2065. GOTO 2200 »BYPASS BOARD ANALYSIS
2100. IF T1=24 GOTO 2200
2104. V=0
2105. IF V8>0 GOTO 2130
2110. U2=U3=0
2120. GOTO 2200
2130. IF V8=21 GOTO 2140
2131. IF V8=22 GOTO 2150
2132. IF V8=23 GOTO 2160
2133. IF V8=24 GOTO 2170
2134. IF V8=25 GOTO 2180
2135. GOTO 2110
2140. U2=V2*Bl »SAWN VALUE OF BOARD
2141. U3=V3*B1 »MACHINED VALUE OF BOARD
2145. GOTO 2200
2150. U2=V2*B2
2151. U3=V3*B2
2155. GOTO 2200
2160. - U2=V2*B3 --------------- --  -----
2161. U3=V3*B3
2165. GOTO 2200 ____ _____
2170. U2=V2*B4
2171. -- U3=V3*84 _____ ___  _____
2175. GOTO 2200
----- 218a.------U2=V2*85_________________________________ ________ ______________
2181. U3=V3*65
22 0 0.  PRINT- #2 USING 2300 * N . T9,L»P 1 * W2 » W3 , T2 ♦ T3 *L2 * T , S* B ,M9 .P * D
2201. PRINT #2 USING 230 1 * V2* 1 0 00 » U2 * T5 ♦ S2 » V3* 100 0 * V8♦ U3 5
220 2.----- PRINT #2 USING 2302* V *T6.M>S3.V4*1 000 * V5*1000
2300. ; ####.# ### # n #4# ### ## ## ## ## ## ## #
-  23a 1 r------2—  ##._#*#- -#-_## ftft.rf# ft_ # ft . ft ft ft .ft ft - ft .ft# ft_________________
2302. i ft# ft.ftft# ft# ft.ftft# ftft.ftftft ftft.ftftft
------2310.------ IF-ENO-.ftU.GOTO 3Q0Q-____________-_________ __ . ________
2320. GOTO 1020
------ 300 0.-------FILES__________________________________________ _______________
3010. STOP
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APPENDIX I
Data  f i l e T585R
1 1 4 5 7  S 8 4  4 7 9 . 7 6 7 . 8  5 5 . 8 0  5 0 . 9 4  0 2 . 3 1 5  2 6 . 8 0  41 2 6 . 8 0 . 0 .
1 2 4 0 6  4 5 7  3 7 6 . 7 7 7 . 6  4 0 . 9 2  4 0 . 5 2  0 0 . 1 8 2 2 . 5 0  3 2  2 7 . 0 0 . 0 .
1 3 3 5 6  4 0 6  3 0 9 . 3 6 1 5 . 0  3 2 . 1 9  3 4 . 7 7  4 8 9 0 . 2 2 5  2 2 . 5 0  3 9  3 6 . 6 3 2 . 9 2 9 . 7
1 4 3 3 0  3 5 6  2 2 0 . 0 6 5 . 5  2 1 . 9 3  2 5 . 0 4  4 7 4 0 . 2 3 1  2 2 . 9 0  4 3  3 8 . 2 3 4 . 5 3 1 . 2
1 6  1 7 8  2 2 9  4 5 . 4 6 2 6 . 3  5 . 0 8  5 . 4 2  4 9 4 0 . 3 5 2  2 1 . 3 0  6 2  5 2 . 6 4 7 . 5 4 2 . 9
2 1 4 8 3  6 1 0  5 2 0 . 1 4 9 . 0  5 6 . 7 2  5 5 . 6 8  0 0 . 1 1 3  2 0 . 2 0  3 8  3 0 . 2 2 3 . 9 0 .
2 2 4 0 6  4 8 3  4 3 2 . 8 0 1 0 . 1  4 6 . 1 3  4 4 . 9 1  0 0 . 1 5 8  1 7 . 9 0  3 6  3 5 . 0 3 2 . 9 3 1 . 3
2 3 3 8 1  4 0 6  3 2 3 . 7 9 7 . 0  2 8 . 2 6  3 3 . 2 4  0 0 . 1 4 8  2 0 . 7 0  4 3  4 1 . 2 3 8 . 3 3 4 . 6
2 4  3 5 6  3 8 1  2 6 2 . 7 0 1 6 . 2  2 3 . 4 1  2 7 . 7 6  4 9 5 0 . 2 3 6  2 7 . 4 0  7 0  5 3 . 0 4 5 . 6 4 2 . 2
2 5  2 7 9  3 5 6  1 4 5 . 2 6 3 4 . 7  1 4 . 2 8  1 5 . 7 3  5 2 2 0 . 2 3 4  3 2 . 7 0  9 6  7 3 . 8 6 1 . 2 5 2 . 5
2 6 2 0 3  2 7 9  6 0 . 4 4 1 3 . 1  5 . 4 5  6 . 2 4  5 1 5 0 . 3 5 0  2 8 . 5 0  9 0  7 6 . 2 6 2 . 9 5 3 . 7
2 7 1 2 7  2 0 3  3 2 . 8 7 4 9 . 0  3 . 6 6  3 . 8 3  5 0 1 0 . 3 9 0  2 2 . 4 0  6 9  6 1 . 2 5 4 . 2 4 9 . 9
3 1 4 0 6  5 3 3  3 7 4 . 1 2 8 . 4  3 7 . 7 8  3 8 . 4 5  0 0 . 1 1 6  2 4 . 0 0  3 5  3 4 . 2 2 9 . 3 2 4 . 8
3 2 3 8 1  4 0 6  3 5 3 . 3 1 4 . 6  3 6 . 0 2  3 5 . 7 0  5 1 3 0 . 1 3 0  1 9 . 4 0  43  3 4 . 8 3 0 . 3 2 7 . 5
3 3 3 3 0  3 8 1  3 1 8 . 5 0 1 . 1  2 8 . 0 8  3 3 . 9 4  5 0 4 0 . 7 2 3 6  2 7 . 8 0  5 7  5 0 . 4 4 5 . 2 4 1 . 1
3 4 3 0 5  3 3 0  2 1 8 . 0 4 1 7 . 1  2 0 . 3 3  2 3 . 0 8  5 0 6 0 . 2 4 3  2 3 . 6 0  7 5  6 0 . 6 5 0 . 4 4 4 . 5
3 5  2 5 4  3 0 5  1 4 3 . 3 7 1 7 . 6  1 4 . 6 3  1 6 . 1 7  4 8 5 0 . 3 4 7  2 4 . 8 0  9 2  6 0 . 2 5 2 . 6 4 6 . 7
3 6  1 7 8  2 5 4  9 3 . 3 8 2 8 . 2  1 0 . 7 7  1 1 . 0 3  5 2 5 2 2 . 0 3 6 6  2 6 . 8 0  9 5  6 8 . 8 5 9 . 9 5 5 . 3
4  1 3 0 5  3 5 6  2 1 7 . 0 6 9 . 5  1 9 . 1 7  2 2 . 2 3  5 7 3 0 . 2  1 3  1 9 . 8 0  3 2  2 8 . 2 2 3 . 5 0 .
4 2 2 7 9  3 0 5  2 0 3 . 6 9 2 0 . 0  2 4 . 2 5  2 4 . 2 3  5 3 2 1 3 . 8 2 3 1  1 7 . 9 0  3 4  2 7 . 4 2 4 . 2 2 2 . 3
4 3 2 2 9  2 7 9  1 4 6 . 2 2 2 1 . 5  1 4 . 0 8  1 5 . 5 6  5 2 7 0 . 3 1 9  2 3 . 8 0  4 4  3 7 . 2 3 1 . 4 2 7 . 2
4 4 2 0 3  2 2 9  9 1 . 7 2 1 0 . 9  1 0 . 1 9  1 0 . 0 9  4 8 2 0 . 3 4 9  1 9 . 9 0  5 3  3 9 . 8 3 5 . 2 3 1 . 8
4 5 1 5 2  2 0 3  4 4 . 5 5 2 9 . 4  3 . 7 0  3 . 8 5  4 8 9 0 . 3 7 3  2 0 . 0 0  5 2  4 7 . 4 4 1 . 8 3 7 . 7
5 1 3 3 0 - 4 0 6  2 7 6 . 2 0 1 2 . 9  2 8 . 9 1  3 0 . 2 0  5 2 3 0 . 2 1 7  2 0 . 6 0  3 6  3 0 . 6 2 6 . 7 2 2 . 5
5  2 3 0 5  3 3 0  1 8 8 . 5 8 1 2 . 8  1 7 . 2 1  2 0 . 0 2  5 2 4 0 . 2  3 3  2 2 . 2 0  4 0  3 7 . 6 3 5 . 3 3 3 . 3
5  3 2 5 4  3 0 5  1 2 3 . 6 4 2 5 . 2  1 3 . 6 2  1 4 . 1 2  5 9 1 0 . 3 2 0  2 8 . 4 0  4 5  4 1 . 2 3 7 . 7 3 3 . 3
5  4 2 0 3  2 5 4  9 7 . 5 1 3 5 . 5  1 0 . 5 3  1 1 . 4 7  5 2 9 0 . 3 2 3  3 3 . 7 0  5 2  4 6 . 4 4 3 . 9 4 1 . 1
5  5  1 5 2  2 0 3  6 6 . 4 8 2 7 . 5  7 . 6 3  7 . 7 1  5 0 8 0 . 3 4 2  2 6 . 1 0  4 4  4 3 . 6 4 1 . 4 3 8 . 6
6 1 2 7 9  3 3 0  1 5 9 . 0 3 - - 1 6 . 0  1 6 . 0 4 - 1 7 « 3 4  5 4 4 0 .  - 2  1 0 - 1 9 . 9 0  2 7  2 5 . 4 1 9 . 9 0 .
6 2  2 5 4  2 7 9  1 2 6 . 2 2 2 8 . 0  1 4 , 6 3  1 5 . 5 7  5 4 4 0 . 3 3 5  1 8 . 7 0  31  2 9 . 6 2 6 . 9 2 4 . 9
6 - 3 - 2 0 3 - 2 5 4 - 1 0 2 . 3 1  - —2  0  v  1— 1 1 « 8 1 — 1 2  ---------0 — a . - 3 - 3 9  1 8 . 0 0 - 4 4 - 3 2 . 4 2 8 . 5 2 6 . 3
6 4 1 7 8  2 0 3  6 7 . 0 5 2 5 . 0  7 . 7 1  8 . 5 5  5 1 2 0 . 3 4 4  1 5 . 3 0  2 9  2 7 . 2 2 4 . 6 2 2 . 8
6 5  1 2 7  1 7 0  3 3 . 5 3 - —  0 . ------ -3 . 3 5 — 3 . 6 9  -4 - 79 — 0 » ------3 - 5 9 - 1 7 . 0 0 - 4 2 - 3 1 . 4 2 7 . 9 2 6 . 2
7 1 3 3 0  4 3 2  2 6 5 . 9 7 1 6 . 3  2 5 . 0 6  2 6 . 2 6  5 7 7 0 . 2 1 2  2 3 . 2 0  3 7  3 4 . 2 2 6 . 3 0 .
7 2  3 0 5  3 3 0  1 8 4 . 8 7 - — 1 8 * 4 - 2 1 - « 2 7  2 U ^ 6  5 5 9 - —  0 , — 2 4 6  2 3 . 9 0 - 5 2  - 4 5 . 0 4 0 . 9 3 7 . 7
7 3 2 5 4  3 0 5  1 2 1 . 0 6 1 2 . 7  1 0 . 3 0  1 1 . 7 6  5 5 4 0 . 3 4 2  2 5 . 3 0  7 8  6 2 . 2 5 0 . 5 4 4 . 9
7 4 2 0 3  2 5 4  1 0 1 . 2 5 ------- 7 , 9 - 1 0 . 3 2 - 1 0 ^ . 8 6  5 1 0 - —  0 » — -0 - 4 9 -  2 0 . 9 0  6 6  4 9 . 6 4 1 . 9 3 7 . 9
7 5  1 5 2  2 0 3  6 1 . 4 2 4 5 . 4  7 . 4 0  7 . 7 3  5 5 2 0 . 3 7 7  2 1 . 7 0  70  5 4 . 4 4 8 . 6 4 3 . 5
8 1 3 8 1  4 3 2  3 1 0 . 4 3 -  3 . 5  3 2 . 8 3  3 3 . 9 2  0 0 . 1 - 1 4  2 6 . 6 0  3 7  3 2 . 6 2 9 .  5 0 .
8 2 3 3 0  3 8 1  2 9 8 . 4 5 1 1 . 6  3 0 . 9 8  3 0 . 6 8  5 1 6 0 . 2 2 5  3 0 . 2 0  5 4  5 0 . 2 4 2 . 7 3 7 . 9
8 3 3 0 5  3 3 0  2 0 5 . 9 4 2 0 . 3  2 0 . 4 9  2 3 . 2 4  5 3 0 0 . 2  2 5  3 0 . 4 0  6 3  5 2 . 2 4 3 . 9 3 8 . 4
8 4  2 2 9  3 0 5  1 5 9 . 3 3 5 . 0  1 6 . 4 5  1 7 . 1 6  4 9 4 0 . 3 5 5  1 9 . 2 0  5 2  4 4 . 8 4 0 . 9 3 6 . 9
8 5  2 0 3  2 2 9  5 3 . 9 2 2 1 , 0  5 . 1 9 -  6 . 4 2  5 1 0 0 . - 3 5 7  1 8 . 7 0  71 5 0 . 0 4 7 . 1 3 9 . 3
9 1 4 5 7  6 1 0  5 2 2 . 2 5 3 . 8  6 1 . 5 4  5 9 . 2 2  0 0 . 1 2 4  1 8 . 0 4  3 2  2 o • 4 2 4 . 2 2 2 . 3
9  2 4 0 6  4 5 7  3 6 7 . 9 5 9 . 0  4 2 . 0 7  4 0 . 7 0  0 0 . 1 3 9  1 8 . 4 0  4 4  3 4 . 6 31 . 0 2 8 .  1
9  3 3 5 6  4 0 6  2 6 7 . 1 9 \ 1 . 3  2 4 . 7 3  2 9 . 6 5  5 6 4 0 . i  3 4  2 2 . 3 0  6 9  4 5 . 2 3 8 . 2 3 3 . 9
9  4 3 0 5  3 5 6  1 7 8 . 1 6 9 . 4  1 8 . 6 7  2 1 . 1 3  5 2 8 0 . 2 4 5  1 9 . 9 0  5 8  4 6 . 6 3 7 . 7 3 3 . 3
9 5 2 5 4  3 0 5  1 1 5 . 2 3 2 2 . 5  1 3 . 0 2  1 3 . 9 5  5 2 7 0 . 3 4 4  2 5 . 1 0  5 6  4 6 . 2 4 1 . 3 3 8 . 0
1 0  1 5 3 3  7 3 7  6 3 5 . 5 8 5 . 5  6 3 . 7 3  6 3 . 9 6  0 1 . 7 1 2 2  2 4 . 3 0  3 9  3 6 . 8 3 3 . 6 3 0 . 3
1 0  2 4 8 3  5 3 3  5 6 8 . 6 5 7 . 6  5 4 . 6 6  5 3 . 7 4  0 0 . 1 3 2  2 9 . 7 8  6 8  5 8 . 8 4 9 . 2 4 3 . 4
1 0  3 4 5 7  4 8 3  4 3 5 . 4 5 5 . 3  4 0 . 5 6  4 5 . 9 9  0 4 . 0 1 2 9  3 4 . 2 0  73 6 1 . 4 5 4 . 7 4 8 . 3
10  4 3 5 6  4 5 7  3 3 0 . 6 5 1 0 . 4  2 8 . o 2  3 5 . 3 8  4 9 9 0 . 2  4 7  3 7 . 6 0  9 5  7 5 . 4 6 9 . 7 6 4 . 9
1 0  5 3 0 5  3 5 6  2 0 6 . 7 7 2 3 . 9  2 3 . 8 3  2 3 . 3 0  5 0 6 0 . 2 4 9  3 7 . 7 0  9 8  8 0 . 0 7 1 . 0 6 3 . 4
10  6 1 7 8  3 0 5  9 6 . 7 9 1 6 . 6  8 . 2 1  9 . 1 2  4 3 9 0 . 3 5 6  3 4 . 9 0  9 6  8 2 . 4 7 5 . 5 7 0 . 1
11 1 1 7 8  2 2 9  5 5 . 2 4 9 . 0  0 .  0 .  0 4 4 . 0 3 1 4  1 6 . 6 4  2 5  2 2 . 4 1 9 . 3 0 .
11 2 1 7 8  1 7 8  2 6 . 6 0 4 0 . 9  3 . 1 5  3 . 3 8  5 8 1 0 . 3 5 1  1 3 . 2 0  2 8  2 2 . 2 2 0 . 0 1 8 . 8
11 3 1 2 7  1 7 8  1 9 . 7 9 1 0 0 . 0  2 . 3 9  2 . 3 9  6 1 8 0 . 3 6 5  1 1 . 8 6  2 4  2 3 . 2 2 1 . 4 2 0 . 0
1 2  1 1 7 8  2 0 3  5 4 . 3 0 3 8 . 3  6 . 3 6  6 . 3 b 6 1 0 0 . 3 4 0  1 0 . 5 0  1 9  1 6 . 2 1 4 . 9 1 4 . 1
1 2  2 1 5 2  1 7 8  4 4 . 2 0 2 4 . 1  0 .  0 .  0 3 1 4 . 0 3 51  1 1 . 6 1  2 3  1 9 . 2 1 1 . 9 1 6 . 9
1 2  3 1 2 7  1 5 2  4 4 . 2 0 2 4 . 1  0 ,  0 .  0 3 1 4 . 0 3 71 1 2 . 3 0  2 7  2 1 . 0 1 9 . 5 1 8 . 5
1 3  1 2 5 4  2 7 9  8 7 . 9 9 5 . 6  9 . 7 2  9 . 0 4  5 2 9 0 . 3 2 3  1 5 . 9 1  3 2  2 5 . 0 2 2 . 2 1 9 . 5
1 3  2 2 2 9  2 5 4  8 5 . 6 4 2 1 . 7  7 . 7 2  8 . 2 3  5 1 9 0 . 3 5 5  1 3 . 0 2  2 7  2 5 . 0 2 3 . 2 2 1 . 9
1 3  3 2 0 3  2 2 9  4 1 . 5 0 3 4 . 4  5 . 0 1  4 . 9 2  5 2 1 0 . 3 4 1  1 2 . 8 0  3 6  2 6 . 6 2 1 . 7 1 9 . 5
1 4  1 2 0 3  2 5 4  1 0 9 . 0 0 2 3 . 7  0 .  0 .  0 4 4 . 0 3 1 8  1 8 . 4 4  2 6  2 4 . 4 2 2 . 4 2 0 . 3
1 4  2 1 7 8  2 0 3  6 0 . 2 9 1 6 . 6  0 .  0 .  0 3 9 . 0 3 2 3  1 7 . 5 2  2 5  2 3 . 6 2 2 . 4 2 1 . 2
U  3 1 5 2  1 7 8  4 8 . 8 6 3 1 . 4  3 . 9 0  4 . 9 1  5 5 2 0 . 3 3 3  1 6 . 3 0  3 4  3 0 . 2 2 6 . 5 2 3 . 9
1 4  4  1 2 7  1 5 2  1 5 . 3 4 1 0 0 . 0  1 . 2 3  1 . 2 3  6 1 0 0 . 3 6 5  1 5 . 6 2  3 4  2 9 . 8 2 7 . 2 2 5 . 9
1 5  1 2 0 3  2 2 9  6 7 . 0 6 0 .  6 . 4 5  6 . 6 2  5 7 7 0 . 3 21  1 7 . 1 0  2 5  2 2 . 6 2 0 . 9 1 9 . 2
1 5  2 1 7 8  2 0 3  5 4 . 2 7 4 2 . 1  5 . 8 3  5 . 9 0  6 4 3 0 . 3 4 6  1 5 . 4 0  2 4  2 2 . 2 2 1 . 3 2 0 . 4
1 5  3 1 5 2  1 7 8  3 3 . 5 3 0 .  1 . 6 8  1 . 6 8  5 2 5 0 . 3 6 1  1 3 . 5 0  3 2  2 3 . 8 2 1 . 6 2 0 . 3
1 6  1 2 0 3  2 5 4  9 5 . 3 3 2 1 . 7  0 .  0 .  5 9 7 2 1 . 3 3 2 4  1 3 . 1 3  2 2  1 8 . 4 1 7 . 3 1 6 . 0
1 6  2 2 0 3  2 0 3  7 9 . 9 7 3 7 . 1  7 . 8 2  7 . 9 1  5 7 8 0 . 3 3 5  1 5 . 7 0  2 7  2 3 . 4 2 1 . 9 2 0 . 9
1 6  3  1 7 8  2 0 3  — 8 0 . 0 2 -  2 0 » 1—  0 «----------0 . ---------5 U - - 2 6 . 5 3 5 3  1 5 . 1 7  4 0  2 9 . 2 2 6 . 1 2 3 . 9
1 6  4  1 2 7  1 7 8  3 5 . 3 3 1 4 . 0  3 . 9 8  3 . 7 6  4 7 4 0 . 3 4 7  1 6 . 8 3  3 5  3 3 . 2 2 9 . 8 2 7 . 4
1 7  1 1 7 8  2 2 9  7 4 . 9 7 - 1 0 . 6  Q- —  0 . _______ 0 2 0 4 . 0 3 1 5  1 7 . 4 0  2 2 . 2 1 . 0 1 9 . 2 1 7 . 4
1 7  2 1 5 2  1 7 8  6 3 . 2 4 2 0 . 5  0 .  0 .  0 3 8 8 . 0 3 4 1  1 3 . 7 0  3 0  2 4 . 0 2 0 . 8 1 8 . 6
1 7  3 1 2 7  1 5 2  3 3 . 5 3 0 .  — 0 . ____  0 . _______ 0 0 . 3  4 4  1 4 . 7 0  2 6  2 4 . 0 2 1 . 7 2 0 . 3
1 8  1 1 7 3  2 0 3  3 4 . 6 3 1 0 0 . 0  2 . 7 7  2 . 7 7  5 1 9 0 . 3 3 2  1 4 . 7 0  2 5  .2 2 . 4 2 0 . 4 1 8 . 5
1 8  3  1 2 7 - 1-7 8 — 4 4 .-2 ». - 2  9 -» 0— 0 . ----------- Q . ---------------Q_ _ 6 1 . 0 _ 3  7 2 - 1 4 . 2 0 - 3 0 2 7 . 0  2 4 . 5 - 2 2 » 4
1 9  1 1 7 8  2 2 9  6 0 . 9 6 1 7 . 5  6 . 9 9  7 . 2 5  5 8 7 0 . 3 1 4  1 2 . 3 0  1 9  1 7 . 0 1 4 . 3 0 .
1 9  2 1 5 2  1 7 8  4 4 . 2 0 2 4 . . 1 __ 3  « 2 2 ___ 3 . 2 2  5 2 1 0 . 3 5 1 _ 1 3 • 2 0  2 7  2 2 . 2 2 0 . 0 1 9 . 0
1 9  3 1 2 7  1 5 2  3 8 . 4 7 1 2 . 9  0 .  0 .  0 6 7 8 . 0 3 6 7  1 2 . 5 4  31  2 4 . 6 2 1 . 6 1 9 . 7
2 0  1 2 0 3  2 2 9  6 9 . 8 5 —  8 . 5  — 6 » 6 2  _  7 . 9 6  5 8 3 0 . 3 3 1  1 1 • 7 7  _ 1 7  1 5 . 8 1 4 . 7 1 4 . 1
2 0  2 1 5 2  2 0 3  0 . 0 .  0 .  0 .  0 0 . 3 5 6  1 0 . 8 9  2 2  2 0 . 8 1 9 . 5 1 8 . 5
2 1 - 1 - 2 2 9  3 0 5  - 1 3 6 » 6 5 _ - 1 0 . - 9 - 1 5 . 0 7 ,  1 5 . 6 1 _ 5 6 5  0 .  3 2 5  _ 1 4 . 3 0  2 9  . 2 3 . 2 2 0 . 2 1 8 . 0
2 1 2  2 0 3  2 2 9  8 4 . 1 5 2 0 . 3 0 . 0 . 0 2 6 3 . 0  3 3 4  1 7 . 9 0  3 0  2 7 . 6 2 5 . 5 2 3 . 7
2 1 3  1 5 2  2 0 3 — 5 4 •  5 7 - _ - 1 3 . 6 - _ 6 . 0 3 - - 6 . 1 6 5 3 8  0 .  3 5 0  1 7 . 9 0  3 5  3 0 . 4 2 8 . 6 2 7 . 2
2 1 4 1 2 7  1 5 2  0 . 0 . 0 . 0 . 0 0 . 3 7 3  1 7 . 1 9  3 0  2 7 . 6 2 6 . 2 2 5 . 2
2 2 1 2 2 9  2 5 4 - 1 1 3 . 5 3 . _ - 1 8 . 5 1 2 . 7 Z 1 2 . * 3 5 7 0  0 .  3 2 2  1 7 . 2 0  30  2 5 . 3 2 2 , 7 2 0 . 0
2 2 2 2 2 9  2 2 9  1 1 8 . 3 7 2 1 . 9 0 . 0 . 0 7 4 . 0  3 2 7  1 7 . 6 0  3 3  2 8 . 2 2 5 . 6 2 3 . 5
2 2 3  1 7 8  2 2 9 __ 7 4 . 5 8 - 1 4 . 3 0 . ____ —0 • _  - 0 2 9 , 0  3 4 0  1 6 . 8 0  4 9  3 2 , 6 2 8 . 6 2 6 . 0
2 2 4 1 5 2  1 7 0  4 2 . 1 0 2 5 . 3 3 . 9 6 4 . 8 4 4 5 9  0 .  3 4 1  1 7 . 2 0  5 5  3 5 . 4 2 9 . 0 2 6 .  1
2 3 1 2 7 9  2 7 9  1 5 4 . 2 3 1 8 . 6 1 5 . 5 2 1 5 . 3 4 5 7 5  1 9 . 7  2 2 9  1 7 . 0 0  2 9  2 5 . 4 2 3 . 4 2 1 . 6
2 3 2 2 2 9  2 7 9  1 3 8 . 7 3 2 5 . 0 1 5 . 0 1 1 6 . 4 7 5 6 0  0 .  3 3 4  1 9 . 4 0  5 5  4 0 . 6 3 2 . 7 2 8 . 4
2 3 3 2 0 3  2 2 9  1 0 4 . 2 4 1 7 . 4 7 . 0 1 9 . 9 6 5 0 9  1 1 . 4 3 2 3  2 1 . 3 0  4 2  3 7 . 4 3 1 . 8 2 6 . 5
2 3 4 1 5 2  2 0 3  4 1 . 4 4 1 9 . 1 0 . 0 . 0 6 8 . 0  3 5 1  1 5 . 3 5  2 4  2 2 . 6 2 1 . 5 2 0 . 5
2 4 1 3 0 5  3 5 6  1 8 8 . 1 6 1 2 . 0 1 8 . 6 4 1 9 . 5 6 5 6 9  2 1 . 7  2 2 3  1 7 . 0 0  3 0  2 5 . 4 2 2 . 7 2 1 . 3
2 4 2 2 5 4  3 0 5  1 4 5 . 5 0 1 9 . 0 1 6 . 3 8 1 7 . 2 3 5 5 0  1 3 . 0  3 6 1  1 7 . 2 0  4 5  3 3 . 6 3 0 . 5 2 8 . 5
2 4 3  1 7 8  2 5 4  1 2 8 . 3 3 2 7 . 9 0 . 0 . 0 3 5 . 0  3 5 4  1 7 . 4 0  3 4  3 1 . 4 2 9 . 3 2 7 . 8
2 4 4 1 7 8  1 7 8  6 7 . 0 6 0 . 0 . 0 . 0 3 0 0 . 0  3 70  1 3 . 9 0  3 9  3 4 . 4 2 9 . 8 2 6 . 5
2 4 5  1 2 7  1 7 8  3 2 . 4 8 0 . 0 . 0 . 0 1 0 6 . 0  3 b 2  1 2 . 3 0  41 3 5 . 2 2 9 . 0 2 5 . 3
2 5 1 2 2 9  3 8 1  1 0 2 . 8 3 3 6 . 8 1 2 . 3 1 1 1 . 7 5 5 7 2  0 .  3 3 3  1 5 . 4 0  2 6  2 2 . 2 2 0 . 7 1 9 . 8
2 5 2 2 0 3  2 2 9  7 9 . 3 1 - 1 8 . 1 8 . 7 4 8 . 9 9 5 1 8  0 .  3 5 8  1 2 . 0 0  3 7  3 2 . 4 2 6 . 7 2 2 . 5
2 5 3 1 7 8  2 0 3  5 7 . 7 1 1 2 . 9 0 . 0 . 0 6 7 6 . 0  3 5 3  1 4 . 3 0  5 2  3 7 . 6 2 9 . 3 2 5 . 1
2 5 4 1 2 7  1 7 8  4 0 . 2 9 5 8 . 4 0 . 0 . 0 7 1 . 0 3 6 5  1 3 . 3 0  3 9  2 6 . 8 2 3 . 3 2 1 . 0
2 6 1 2 2 9  2 5 4  1 0 4 . 2 1 1 4 . 8 0 . 0 . 0 4 7 . 0  3 1 4  1 4 . 6 0  2 7  2 1 . 2 1 6 . 9 0 .
2 6 2 2 0 3  2 2 9  0 . 0 . 0 . 0 . 0 0 . 3 2 9  1 3 . 9 0  2 7  2 4 . 2 2 1 . 2 1 8 . 1
2 6 3 1 7 8  2 0 3  5 0 . 2 9 0 . 4 . 1 9 5 . 3 6 4 6 7  0 .  3 31  1 5 . 4 0  3 6  2 8 . 2 2 3 . 1 2 0 . 6
2 6 4 1 5 2  1 7 8  0 . 0 . 0 . 0 . 0 0 . 3 5 0  1 3 . 3 0  31 2 4 . 6 2 1 . 4 1 9 . 7
2 7 1 2 2 9  2 7 9  9 9 . 8 9 2 5 . 8 0 . 0 . 0 5 1 . 0 3 3 0  1 0 . 7 0  17  1 5 . 6 1 4 . 6 1 3 . 6
2 7 2 2 2 9  2 2 9  7 6 . 2 0 3 6 . 7 9 . 2 7 9 . 1 9 5 2 5  0 .  3 6 9  1 1 . 6 0  2 3  2 0 . 4 1 8 . 7 1 7 . 5
2 7 3 1 7 8  2 2 9  6 8 . 8 7 2 7 . 0 0 . 0 . 0 9 5 . 0  3 6 0  1 1 . 6 0  1 9  1 7 . 4 1 6 . 4 1 5 . 8
2 7 4 1 5 2  1 7 8  2 7 . 2 4 0 . 2 . 7 2 2 . 7 2 4 1 0  0 .  3 8 6  1 1 . 4 0  2 3  1 8 . 8 1 7 . 9 1 7 . 3
2 8 1 2 0 3  2 2 9  6 7 . 5 4 2 5 . 5 6 . 9 4 6 . 8 b 5 3 3  3 3 . 0  3 1 3  1 2 . 1 0  1 9  1 6 . 6 1 4 . 2 0 .
2 8 2 1 5 2  2 0 3  3 9 . 5 3 1 5 . 2 4 . 2 2 4 . 5 6 5 1 7  0 .  3 2 7  1 3 . 2 0  2 3  2 2 . 0 1 8 . 5 1 6 . 3
2 8 3 1 2 7  1 5 2  3 3 . 5 3 0 . 2 . 5 1 2 . 7 7 4 7 8  0 .  3 2 8  1 0 . 3 0  1 5  1 4 . 4 1 3 . 8 1 3 . 4
2 9 1 2 2 9  3 0 5  8 9 . 0 6 1 5 . 0 0 . 0 . 0 1 3 0 . 0  3 2 2  1 7 . 1 0  4 5  2 9 . 2 2 3 . 6 2 0 . 5
2 9 2 2 0 3  2 2 9  0 . 0 . 0 . 0 . 0 0 . 3 3 1  1 7 . 5 0  4 6  3 2 . 2 2 7 . 8 2 4 . 7
2 9 3 1 7 8  2 0 3  5 2 . 1 1 3 5 . 7 0 . 0 . 0 9 0 . 0  3 4 0  1 4 . 5 0  3 4  2 7 . 0 2 4 . 5 2 2 . 6
2 9 4 1 2 7  1 7 8  3 3 . 5 3 0 . 1 . 6 8 2 . 6 8 4 2 9  0 .  3 4 3  1 7 . 8 0  5 2  3 9 . 0 3 3 . 0 2 9 . 5
3 0 1 2 0 3  2 2 9  5 5 . 8 8 2 1 . 2 0 .  - 0 .  - 0 4 3 . 0  3 2 9  1 9 . 8 0  3 6  3 1 . 6 2 8 . 8 2 6 . 6
3 0 2  1 7 8  2 0 3  5 4 . 2 0 3 8 . 1 0 . 0 . 0 1 6 2 . 0  3 11  2 4 . 5 0  4 5  3 5 . 0 2 5 . 8 0 .
3 0 3 1 2 7  1 7 8  3 3 . 5 3 0 . 0 . 0 . 0 1 0 0 . 0  3 4 8  1 6 . 1 0  4 5  3 4 . 6 2 9 . 6 2 6 . 7
31 1 2 7 9  3 3 0  1 2 5 . 1 8 2 3 . 0 0 . 0 . 0 5 1 . 0 2 2 2  1 6 . 6 0  2 7  2 5 . 0 2 2 . 6 2 0 . 0
3 1 2 2 2 9  2 7 9  1 3 9 . 8 3 2 4 . 9 1 4 . 2 8 1 5 . 3 0 5 3 3  1 3 . b 3 3 6  1 7 . 4 0  2 9  2 6 . 0 2 4 . 3 2 2 . 8
3 1 3 2 0 3  2 2 9  9 1 . 8 2 1 7 . 5 0 . 0 . 0 1 2 1 . 0  3 3 1  1 9 . 1 0  3 5  3 1 . 0 2 8 . 2 2 6 . 2
31 4 1 7 8  2 0 3  - 5 6 . 2 3 1 0 . 6 - 0 . ------ - 0 . -  - ___ 0 8 4 7 . 0  3 7 4 1 8 . 0 0  3 4  3 2 . 8 3 1 . 7 3 0 . 4
3 2 1 2 7 9  3 0 5  1 2 6 . 4 5 3 4 . 8 0 . 0 . 0 3 6 . 0  2 1 7  2 2 . 7 0  4 5  3 3 . 8 2 8 . 3 2 4 . 4
3 2 2 2 5 4  2 7 9  U 4 . 0 2 2 4 . 9 1 6 . 2 7 1 6 . 8 4 5 3 4  0 .  3 2 3  1 7 . 7 0  3 2  3 0 . 4 2 6 . 8 2 2 . 9
3 2 3 2 2 9  2 5 4  1 1 0 . 0 7 1 6 . 0 8 . 9 9 1 0 . 9 3 4 7 8  0 .  3 3 9  1 6 . 6 0  3 5  3 0 . 8 2 7 . 4 2 4 . 9
3 3 1 2 5 4  3 3 0  0 . ------- - 0 . — 0 . ------ -  0 . ---------- 0 0 .  - 1 1 6  2 3 . 4 0  - 54  3 8 . 2 3 0 . 6 2 4 . 4
3 3 2 2 2 9  2 5 4  1 1 0 . 2 8 2 0 . 0 8 . 6 3 1 2 . 8 6 5 8 0  0 .  3 2 9  2 1 . 2 0  4 3  3 9 . 2 3 3 . 2 2 9 . 9
3 3 2 ? 9  o , o s __ 0 , ____ 0 - Q Q - 3  4 3 -  1 5 . 9 0  3 2 ^ A 7 * 4 2 5 . 5 2 4 . 0
3 3 4  1 5 2  2 0 3  5 7 . 6 3 1 2 • 7 0 . 0 . 0 4 1 . 0 3 8 0  1 4 . 7 0  3 2  2 9 . 6 2 7 . 4 2 5 . 9
3 4 1 2 2 9  3 3 0  8 5 . 5 3 2 6 . 5 1 0 . 2 2 1 0 . 2 2 6 2 *  Q .  3 3 3  1 1 . 2 0  2 2  1 9 . Q 1 6 . 4 1 4 . 8
3 4 2 2 0 3  2 2 9  8 3 . 6 2 9 . 5 0 . 0 . 0 1 5 1 . 0  3 5 1  1 2 . 6 0  2 6  2 2 . 0 2 0 . 2 1 8 . 7
3 4 3 1 7 8  2 0 3  6 8 . 6 8 - - 2 8 . 2 — 0 . ---- — 0 . --- —  0  9 6 . 0 - 3  5 2  1 4 . 0 0  3 6 - 3 0 . 6 2 6 . 8 2 3 . 9
3 4 4 1 5 2  1 7 8  0 . 0 . 0 . 0 . 0 0 . 3 5 4  1 4 . 4 0  4 2  3 2 . 6 2 7 . 7 2 4 . 9
5 - 0-9 Q_* Q_ f e a » 0  2 7 2 4 . 0 0  4 0  2 9 , 0 r>, o *
3 5 2  2 7 9  3 0 5  0 . 0 . 0 . 0 . 0 0 . 2 3 1  2 0 . 5 0  4 6  3 9 . 0 3 3 . 9 3 0 . 5
3 5 3 2 5 4  2 7 9  1 3 4 . 4 9 1 8 . 0 0 . --- -  0 . — —  0 9 9 . 0  3 2 7  2 8 . 1 0  4 8  4 5 . 0 4 1 . 0 3 7 . 5
3 5 4 2 0 3  2 5 4  4 9 . 2 4 0 . 0 . 0 . 0 5 2 . 0  3 3 7  2 1 . 7 0  5 4  4 9 . 0 3 9 . 4 3 4 . 3
3 6 1 2 7 9  3 3 0  1 1 4 . 6 5 2 6 . 2 - 0 , — - 0 .  — - — 0 4 1 . 0 2 1 9  1 8 . 9 0  2 7  2 4 . 6 2 2 . 6 2 0 . 9
3 6 2 2 2 9  2 7 9  1 0 3 . 0 0 3 . 4 1 0 . 8 7 1 1 . 7 8 5 0 8  1 9 . 4  3 3 4  1 5 . 3 0  2 3  2 5 . 2 2 3 . 3 2 0 . 9
- 3 6 3 2 0 3  2 2 9  - 7 9 . 7 1 - 3 6 . 9 - 8 . 4 2 - - 8 . 8 4 4 9 2  0 .  3 6 4 . - 1 3 . 9 0  2 6  2 5 . 2 2 3 . 7 2 2 . 2
3 6 4 1 2 7  2 0 3  5 0 . 7 6 3 6 . 0 0 . 0 . 0 4 9 . 0  3 5 6  1 8 . 1 0  3 9  3 3 . 4 3 0 . 2 2 8 . 0
3 7 1 2 5 4  3 3 0  1 5 4 . 2 4 9 . 8 1 6 . 4 5 1 6 . 5 1 5 4 0  0 .  3 3 1  2 4 . 4 0  4 5  4 0 . 0 3 6 . 3 3 4 . 0
3 7 2 2 5 4  2 5 4  1 2 4 . 4 8 2 5 . 7 1 1 . 0 7 1 3 . 4 0 5 4 8  0 .  3 4 0  2 2 . 6 0  4 1  3 8 . 8 3 5 . 9 3 3 . 6
3 7 3 2 0 3  2 5 4  9 2 . 5 6 2 7 . 6 1 0 . 5 7 1 0 . 8 2 5 4 7  2 2 . 1  3 4 9  1 8 . 6 0  4 6  3 8 . 4 3 3 . 1 3 0 . 0
3 7 4 1 5 2  2 0 3  7 1 . 5 6 2 9 . 7 0 . 0 . 0 3 0 . o 3 6 0  1 9 . 6 0  5 0  3 8 . 6 3 5 . 3 3 2 . 7
3 7 5 1 2 7  1 5 2  5 0 . 0 0 1 2 . 0 3 . 0 7 3 . 2 2 4 4 5  0 .  0 6 8  1 8 . 3 0  4 4  3 8 . 8 3 4 . 0 3 0 . 9
3 8 1 2 7 9  3 3 0  1 3 2 . 2 3 2 2 . 6 0 . 0 . 0 3 4 . 0  2 2 5  1 7 . 2 0  2 9  2 5 . 6 2 2 . 9 2 1 . 1
3 8 2 2 5 4  2 7 9  1 1 7 . 3 3 2 1 . 2 0 . 0 . 0 4 0 . 0  3 5 0  1 6 . 5 0  30  2 8 . 4 2 6 . 8 2 5 . 3
3 8 3 2 2 9  2 5 4  1 0 4 . 8 9 2 7 . 8 1 0 . 5 5 1 1 . 6 4 5 1 3  0 .  3 5 0  1 7 . 2 0  3 5  3 1 . 8 2 9 . 5 2 7 . 3
3 8 4 1 7 8  2 2 9  0 . 0 . 0 . 0 . 0 0 . 3 6 7  1 8 . 3 0  5 6  3 5 . 8 3 1 . 5 2 9 . 4
3 9 1 2 0 3  2 5 4  6 2 . 6 6 1 9 . 7 0 . 0 . 0 3 7 . 0 3 4 3  1 7 . 0 0  41 3 5 . 2 31 .  1 2 8 . 0
3 9 2 1 7 8  2 0 3  6 5 . 2 4 2 7 . 7 4 . 9 8 - 6 . 3 9 5 2 0  0 .  3 2 4  2 2 . 5 0  4 2  3 8 . 8 3 3 . 6 2 8 . 7
3 9 3 1 5 2  1 7 8  4 8 . 6 7 9 . 6 0 . 0 . 0 5 3 . 0  3 5 1  1 5 . 4 0  41 3 3 . 8 2 9 . 1 2 6 . 1
3 9 4 1 2 7  1 6 2  0 . 0 . 0 . 0 . 0 0 . 3 8 2  1 2 . 2 0  30  2 6 . 0 2 3 . 6 2 2 . 4
* 0 1 2 5 4  3 0 5  0 . 0 . 0 . o. 0 0 . 3 1 7  1 9 . 8 0  2 9  2 5 . 4 2 2 . 7 2 0 . 8
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52 1 178 203 5 3 . 5 9 3 7 . 4 0 . 0 . 0 1 6 7 . 0 3 0 o . 0 0 . 0 . 0 .
52 2 152 178 4 7 . 1 5 0 . 4 . 8 5 5 . 0 2 46 1 0 . 3 0 o . 0 0 . 0 . 0 ,
53 1 178 203 4 6 . 1 0 3 1 . 8 4 . 7 1 3 . 6 1 479 0 . 3 34 1 4 . 2 0 25 2 3 . 8 20 . B 1 3 ,
53 2 127 178 2 6 . 7 6 3 7 . 4 2 . 4 8 2 . 1 4 432 0 . 3 64 1 4 . 4 0 36 3 1 . 8 3 0 . 1 2 7 ,
54 1 203 254 8 8 . 2 0 2 5 . 2 9 . 0 3 8 . 9 8 521 0 . 3 22 2 2 . 4 0 40 3 6 . 4 3 3 . 4 2 9 ,
54 2 178 203 5 8 . 9 6 1 4 . 7 0 . 0 . 0 4 0 . 0 3 51 2 2 . 3 0 56 4 1 . 0 3 6 . 9 3 4 ,
54 3 152 17b 4 1 . 5 3 1 9 . 3 3 . 9 9 4 • 1 6 467 0 . 3 7 b 1 7 . 8 0 40 3 3 . 6 31 . 5 30
55 1 20 3 229 7 2 . 4 4 8 . 9 0 . 0 . 0 8 6 . 0 3 0 0 . 0 0 . 0 . 0 ,
55 2 178 203 0 . 0 . 0 . 0 . 0 0 . 3 0 0 . 0 0 . 0 . 0
55 3 127 178 2 2 . 2 6 10 0 . 0 2 . 2 0 2 . 2 0 556 0 . 3 0 0 . 0 0 . 0 . 0
56 1 178 22 9 6 3 . 9 1 0 . 0 . 0 . 0 3 6 . 0 3 13 1 8 . 9 0 28 2 4 . 4 2 1 . 1 0
56 2 152 178 5 6 . 1  1 1 4 . 1 5 . 9 7 5 . 79 4 3 d 0 . J 38 1 9 . 2 0 34 3 2 . 4 3 1 . 0 20
56 3 127 152 1 2 . 8 6 1 0 0 . 0 1 . 0 3 1 . 0 3 544 0 . 3 31 1 7 . bU 56 3 6 . 0 2 8 . 9 25
57 1 173 22 9 6 3 . 5 8 2 5 . 8 7 . 3 0 6 . 3 9 492 0 . 3 0 0 . 0 0 . 0 . 0
57 2 152 178 5 0 . 4 5 3 3 . 5 4 . 9 7 5 . 6 4 46 4 0 . 3 0 0 . 0 0 . 0 . 0
57 3 127 152 3 3 . 5 3 0 . 3 . 3 5 3 . 3 5 407 0 . 3 0 0 . 0 0 . 0 . 0 ,
58 1 178 203 5 9 . 9 5 2 3 . 1 0 . 0 . 0 3 9 . 0 3 16 2 6 . 7 0 42 3 7 . 6 3 3 . 9 2 8 ,
58 2 152 178 4 7 . 3 0 2 9 . 2 4 . 8 5 4 . 8 5 47 3 0 . 3 31 2 2 . 0 0 40 3 5 . 0 31 . 8 2 9 ,
58 3 127 152 2 2 . 2 6 1 0 0 . 0 1 . 7 8 1 . 7 8 541 0 . 3 bO 1 8 . 0 0 35 3 1 . 0 2 9 . 6 2 8 ,
59 1 22 9 279 1 0 9 . 51 1 4 . 8 9 . 8 3 9 . 1 6 5 0 6 l a .  i 3 0 0 . 0 0 . 0 .  . 0 ,
59 2 203 229 8 3 . 6 2 9 . 5 0 . 0 . 0 2 3 9 . 0 3 0 0 . 0 0 . 0 . 0 ,
59 3 178 203 5 7 . 1 6 1 3 . 8 0 . 0 . 0 4 2 . 0 3 0 0 . 0 0 . 0 . 0
60 1 152 22 9 5 0 . 5 7 3 5 . 8 5 , 0 3 5 . 5 6 526 0 . 3 24 1 7 . 1 0 26 2 4 . 0 2 3 . 2 21
50 2 127 152 4 0 . 4 5 1 7 . 1 0 .  - . 0 . _0 4 8 4 . 0 3 59 1 3 . 6 0 26 2 4 . 2 2 3 . 2 22
61 1 356 457 3 2 6 . 1 3 2 . 4 2 8 , 6 0 3 3 . 3 1 523 0 . 2 25 1 9 . 7 0 44 3 2 . 2 2 7 . 6 25
61 2 330 35 6 261 . 32 1 9 . 0 3 0 . 2 0 31 . 21 530 1 4 . 7 2 2 b 2 3 . 1 0 53 4 4 . 0 3 9 . 0 32
61 3 305 330 2 3 1 . 1 3 1 7 . 8 2 5 . 0 0 2 6 . 3 7 50 9 7 . 8 2 31 2 1 . 6 0 56 4 7 . 2 4 0 . 4 33
61 4 22 9 305 1 3 0 . b2 1 3 . 3 0 . 0 . 0 1 0 5 . 7 3 39 3 0 . 2 0 66 6 0 . 8 5 5 . 3 51
61 5 20 3 229 6 5 . 2 5 3 1 . 0 0 . 0 . 0 3 4 . 6 3 33 2 7 . 2 0 67 5 7 . 4 4 9 . 0 44
62 1 330 381 2 1 3 . 9 4 1 3 . 0 2 3 . 3 2 2 4 . 3 4 57 9 0 . 2 20 2 3 . 4 0 39 3 3 . 0 3 0 . 2 2 7 ,
62 2 27 9 330 0 . 0 . 0 . 0 . 0 0 . 2 28 2 0 . 8 0 57 3 9 . 0 3 2 . 4 28
- 6 2 3 25 4 27 9 1 5 5 . 0 0 1 3 . 1 - 0 . 0 .  . . . - 0 1 1 7 . 8 3 33 2 3 . 5 0 49 4 4 . 4 3 9 . 4 36
62 4 203 254 9 1 . 7 3 8 . 6 8 . 1 7 9 . 5 2 497 0 . 3 43 2 1 . 3 0 44 4 2 . 6 4 0 . 0 37
62 5 152 203 5 3 . 7 5 6 . 4 0 . 0 . -  _ _ 0 0 . 3 4 Q 2 2 . 4 0 49 4 3 . 2 3 9 . 3 36
63 1 330 40 6 2 3 0 , b5 1 1 . 6 1 9 . 0 7 2 1 . 5 3 567 0 . 2 22 2 7 . 1 0 44 3 6 . 6 3 3 . 2 31
63 2 30 5 330 1 8 4 . 6 0 1 5 . 9 1 9 . 7 3 2 1 . 6 6 52 9 0 . 2 20 2 6 . 4 0 43 3 8 . 4 3 4 . 0 31
63 3 254 305 1 4 5 . 80 2 0 . 6 1 4 . 7 4 1 6 . 9 1 524 1 3 . 0 3 28 2 6 . 1 0 43 3 8 . 2 3 5 . 5 33
63 4 22 9 25 4 8 9 . 8 2 6 . 7 0 . - — 0 *------ — 0 2 9 5 . 0 3 39 2 6 . 9 0 53 4 7 . 0 4 4 . 1 4P
64 1 356 432 2 5 5 . 8 7 7 . 8 2 7 . 3 7 2 6 . 7 3 530 1 9 . 7 2 0 0 . 0 0 . 0 . 0
64 2 330 35 6 2 2 7 . 1 2 4 . 4 2 4 . 7 4 2 5 . 6 6 484 0 . 2 0 0 . 0 0 . 0 . 0
64 3 229 305 0 . 0 . 0 . 0 . 0 0 . 3 0 0 . 0 0 . 0 . 0
64 4 2 0 3 229 0 . 0 . 0 . 0 .  - - 0 0 . 3 0 0 . 0 0 . 0 . 0
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6 5 1 3 0 5 3 8 1 2 1 3 . 5 1 1 2 . 9 0 .  0 .  0 3 8 . 0 2 0 0 . 0 0 .  0 . 0 .
6 5 2 2 7 9 3 0 5 1 5 9 . 1 8 1 1 . 3 1 7 . 9 6  1 7 . 9 2  5 1 3 0 . 2 0 0 . 0 0 .  0 . 0 .
6 5 3 2 5 4 2 7 9 1 1 2 . 6 6 7 . 7 9 . 8 4  1 2 . 6 7  4 9 2 0 . 3 0 0 . 0 0 .  0 . 0 .
6 5 4 2 0 3 2 5 4 0 . 0 . 0 .  0 .  0 0 . 3 0 0 . 0 0 .  0 . 0 .
6 6 1 3 0 5 3 5 6 1 9 3 . 0 9 7 . 0 1 9 . 8 7  2 0 . 9 6  5 7 6 2 1 . 0 2 0 0 . 0 0 .  0 . 0 .
6 6 2 2 7 9 3 0 5 1 7 7 . 2 4 2 1 . 8 1 8 . 8 3  1 9 . 6 7  5 5 5 0 . 2 0 0 . 0 0 .  0 . 0 .
6 6 3 2 5  4 2  79 1 1 6  . 1 0 6 . 8 0 .  0 .  0 41  .  0 3 0 0 . 0 0 .  0 . 0 .
6 6 4 2 0 3 2 5 4 9 3 . 1 5 1 0 . 0 6 . 3 8  8 . 2 3  0 2 1 . 9 3 0 0 . 0 0 .  0 . 0 .
6 7 1 2 7 9 3 3 0 0 . 0 . 0 . 0 .  6 0 8 0 . 2 0 0 . 0 0 . 0 . 0 .
6 7 2 2 5 4 2 7 9 1 3 9 . 9 8 3 3 . 9 0 .  0 .  0 3 4 . 0 3 0 0 . 0 0 .  0 . 0 .
6 7 4 1 7 8 2 2 9 5 8 . 2 1 1 3 . 6 6 . 4 3  6 . 2 6  5 1 5 0 . 3 0 0 . 0 0 . 0 . 0 .
6 7 5 1 2 7 1 7 8 4 2 . 4 8 2 3 . 5 0 .  0 .  0 6 5 . 0 3 0 0 . 0 0 .  0 . 0 .
6 7 3 2 2 9 2 5 4 0 . 0 . 0 .  0 .  0 0 . 3 0 0 . 0 0 .  0 . 0 .
6 8 1 2 5 4 3 0 5 1 6 3 . 1 6 7 . 2 0 .  0 .  0 1 6 . 1 3 0 0 . 0 0 .  0 . 0 .
6 8 2 2 5 4 2 5 4 1 1 3 . 0 5 7 . 1 1 2 . 2 9  1 2 . 7 4  <*46 0 . 3 0 0 . 0 0 .  0 . 0 .
6 8 3 2 0 3 2 5 4 1 0 8 . 3 2 2 2 . 6 0 .  0 .  0 3 0 . 0 3 0 0 . 0 0 .  0 . 0 .
6 8 4 1 5 2 2 0 3 4 3 . 5 3 2 3 . 0 0 . 0 .  0 3 3 . 5 3 0 0 . 0 0 .  0 . 0 .
6 9 1 3 3 0 3 5 6 2 5 0 . 3 6 1 . 6 0 .  0 .  0 * 3 . 0 2 0 0 . 0 0 .  0 . 0 .
6 9 2 3 0 5 3 3 0 1 9 2 . 2 0 9 . 4 1 9 . 3 8  2 2 . 1 4  5 6 1 9 . 6 2 0 0 . 0 0 .  0 . 0 .
6 9 3 2 5 4 3 0 5 1 4 9 . 4 9 9 . 9 1 3 . 6 5  1 6 . 8 8  5 3 3 1 2 . 6 3 0 0 . 0 0 . 0 . 0 .
6 9 4 2 2 9 2 5 4 8 8 . 6 4 2 5 . 3 1 0 . 3 9  1 0 . 3 2  5 4 0 0 . 3 0 0 . 0 0 .  0 . 0 .
6 9 5 1 7 8 2 2 9 5 7 . 1 6 1 3 . 8 5 . 2 3  6 . < * 1  5 0 6 0 . 3 0 0 . 0 0 .  0 . 0 .
7 0 1 3 0 5 3 3 0 2 1 5 . 9 0 1 4 . 1 2 2 . 1 9  2 5 . 5 7  5 7 6 8 . 4 2 0 0 . 0 0 . 0 . 0 .
7 0 2 2 7 9 3 0 5 1 6 3 . 5 5 2 7 . 9 1 9 . 0 8  1 9 . 8 9  5 6 1 0 . 2 0 0 . 0 0 .  0 . 0 .
7 0 3 2 5 4 2 7 9 1 2 8 . 5 7 1 5 . 0 0 .  0 .  o 2 2 7 . 7 3 0 0 . 0 0 .  0 . 0 .
7 0 4 2 2 9 2 5 4 9 1 . 1 5 8 . 0 0 .  0 .  o 0 . 3 0 0 . 0 0 .  0 . 0 .
71 1 2 7 9 3 3 0 1 6 7 , 8 7 1 5 . 6 1 5 . 3 1  1 8 . 6 9  6 1 1 1 5 . 6 2 0 0 . 0 0 .  0 . 0 .
71 2 2 5 4 2 7 9 1 3 7 . 0 6 1 6 . 3 0 .  o .  o 5 8 . 0 3 0 o . 0 0 .  0 . 0 .
71 3 2 0 3 2 5 4 7 4 . 1 0 3 7 . 8 0 .  0 .  o 2 9 . 0 3 0 0 . 0 0 .  0 . 0 .
71 4 1 5 2 2 0 3 5 6 . 1 1 1 4 . 1 6 . 2 2  6 . 5 3  4 8 7 0 . 3 0 o . 0 0 .  0 . 0 .
7 2 1 2 5 4 3 0 5 1 3 2 . 6 3 1 6 . 1 0 .  0 .  0 3 4 . 0 3 0 0 . 0 0 . 0 . 0 .
7 2 2 2 2 9 2 5 4 1 1 0 . 4 1 5 . 4 9 . 9 8  1 0 . 0 6  5 1 2 0 . 3 0 0 . 0 0 .  0 . 0 .
7 2 3 2 0 3 2 2 9 7 9 . 8 0 3 7 . 0 8 . 4 7  9 . 7 3  5 0 1 0 . 3 0 0 . 0 0 .  0 . 0 .
7 2 4 1 5 2 2 0 3 0 . 0 . 0 .  0 .  o 0 . 3 0 0 . 0 0 .  0 . 0 .
7 3 1 3 5 6 4 0 6 2 6 4 . 1 2 7 . 9 2 7 . 7 4  3 0 . 1 6  5 0 9 0 . 2 0 0 . 0 0 .  0 . 0 .
7 3 2 3 0 5 3 5 6 2 4 9 . 8 1 1 8 . 8 2 4 . 1 1  2 3 . 0 7  4 8 4 0 . 2 0 o . _ _ 0 0 .  0 . 0 .
7 3 3 2 7 9 3 0 5 1 5 4 . 1 9 1 1 . 8 1 5 . 2 3  1 5 . 9 7  4 5 8 1 2 . 2 2 0 0 . 0 0 .  0 . 0 .
7 3 4 2 2 9 2 7 9 1 2 0 . 9 4 1 0 . 5 0 .  _____0  .  0 7 1 . 0 3 .  0 — Ü . ___ - 0 o . _  0 . - 0 .
7 4 1 3 0 5 3 5 6 1 9 7 . 2 3 6 . 0 1 6 . 5 7  1 7 . 5 0  5 3 3 0 . 2 3 4 1 6 . 3 0 3 5 2 8 . 6  2 5 . 3 2 2 . 9
7 4 2 2 7 9 3 0 5 1 7 9 . 0 2 1 3 . 3 1 4 . 4 9  1 7 . 0 1  5 5 4 1 0 . 3 2 5 2 1 8 . 7 0 4 3 3 6 . 4  3 2 . 5 3 0 . 2
7 4 3 2 2 9 2 7 9 1 1 0 . 3 8 1 8 . 6 0 .  0 .  0 4 4 . 0 3 5 9 2 0 . 0 0 4 5 3 9 . 6  3 7 . 1 3 5 . 2
7 4 4 1 7 8 2 2 9 6 3 . 0 4 2 3 . 5 6 . 9 7  7 . 3 8  5 0 2 0 . 3 6 4 2 0 . 0 5 5 6 4 5 . 2  3 9 . 5 3 5 . 9
75 1 2 5 4 3 0 5 1 1 1 . 9 2 1 3 . 2 1 2 . 4 9  1 1 . 3 5  5 7 6 1 7 . 6 3 1 6 1 0 . 8 0 1 9 1 5 . 4  1 3 . 8 1 1 . 1
7 5 2 2 2 9 2 5 4 1 1 5 . 8 9 a o . 2 0 .  0 .  _  0 . .  7.7 . 0 3 3 8 1 1  . 8 0 2 2  1 9 . 6  1 7 . 2 1 5 . 9
7 5 3 2 0 3 2 2 9 9 8 . 1 0 1 7 . 8 1 0 . 9 9  1 0 . 9 9  5 2 2 0 . 3 4 3 1 4 . 7 0 2 7 2 4 . 6  2 2 . 7 2 1 . 1
7 5 4 1 7 8 2 0 3 7 5 . 8 0 3 3 . 7 0 .  0 .  o 1 9 7 . 0 3 6 3 1 5 . 9 0 4 0 3 2 . 8  2 9 . 0 2 7 . 1
7 6 1 3 0 5 3 5 6 1 80  . 0 7 1 9 .  0 2 0  . 0 3  2 0 . 7 0  5 7  3 1 0 . 3 2 0 0 . 0 0 .  0 . 0 .
7 6 2 2 7 9 3 0 5 1 6 7 . 8 0 9 . 2 0 .  0 .  0 4 3 . 0 2 .. 0 _ 0 .  ... 0 0 .  0 . 0 .
7 6 3 2 2 9 2 7 9 9 5 . 9 2 1 8 . 1 0 .  0 .  o 5 4 . 0 3 0 0 . 0 0 . 0 . 0 .
7 6 4 1 7 8 2 2 9 6 2 . 9 9 4 6 . 8 o . -  _ 0 . .  _  0 3 6 . 0 3 0 0 . 0 0 .  0 . 0 .
7 7 1 2 7 9 3 5 6 1 8 0 . 6 5 2 0 . 3 1 9 . 6 2  2 1 . 6 1  5 8 4 0 . 2 3 6 1 5 . 3 0 2 5 2 2 . 6  2 1 . 0 1 9 . 8
7 7 2 2 2 9 2 7 9 1 2 7 . 5 1 2 7 . 5 1 2 . 4 7  1 4 . 4 1  5 4 3 1 5 . 1 3 4 0 1 8 . 6 0 40 3 4 . 6  2 9 . 8 2 7 . 4
7 7 3 2 0 3 2 2 9 1 1 6 . 9 2 1 0 . 2 0 .  0 .  0 4 0 . 0 3 7 7 1 7 . 4 0 3 3 3 2 . 4  3 1 . 4 3 0 . 2
7 7 4 1 7 8 2 0 3 6 0 . 2 9 1 6 . 6 0 .  0 .  0 1 2 5 . 0 3 5 6 2 0 . 7 1 4 7 4 1 . 6  3 7 . 8 3 5 . 1
7 8 1 3 3 0 3 8 1 2 1 9 . 8 2 1 2 . 6 1 8 . 1 2  1 8 . 2 5  5 6 6 0 . 2 0 0 . 0 0 .  0 . 0 .
7 8 2 3 0 5 3 3 0 1 8 9 . 6 1 2 5 . 3 2 1 . 3 6  2 3 . 2 0  5 4 6 0 . 2 0 0 . 0 0 .  0 . 0 .
7 8 3 2 7 9 3 0 5 1 4 3 . 9 1 1 3 . 9 1 6 . 4 8  1 6 . 4 3  5 0 2 1 3 . 2 2 0 0 . 0 0 .  0 . 0 .
7 8 4 2 2 9 2 7 9 8 2 . 1 2 1 9 . 6 0 .  0 .  0 1 5 8 . 0 3 0 0 . 0 0 .  0 . 0 .
7 9 1 3 0 5 3 8 1 1 9 4 . 3 7 2 1 . 4 2 0 . 8 3  2 4 . 4 7  5 9 8 0 . 2 1 3 2 0 . 8 0 31 2 7 . 4  2 3 . 1 0 .
7 9 2 2 5 4 3 0 5 1 5 8 . 4 2 9 . 7 1 4 . 0 5  1 7 . 9 2  5 6 1 0 . 3 3 7 1 7 . 5 0 31 2 8 . 4  2 5 . 5 2 3 . 6
7 9 3 2 2 9 2 5 4 1 4 0 . 7 5 1 0 . 5 0 .  0 .  0 1 4 7 . 0 3 5 8 1 8 . 5 0 41 3 7 . 4  3 4 . 2 3 0 . 9
7 9 4 1 7 8 2 2 9 9 4 . 3 3 2 8 . 9 8 . 5 3  9 . 5 4  5 3 1 2 1 . 6 3 4 0 2 6 . 3 0 6 8 5 8 . 8  4 8 . 4 4 2 . 8
8 0 1 2 5 4 3 3 0 1 3 6 . 7 7 1 0 . 2 1 6 . 1 3  1 6 . 3 0  5 4 4 0 . 3 2 8 1 1 . 7 0 1 9 1 8 . 0  1 6 . 8 1 5 . 7
3 0 2 2 2 9 2 5 4 1 0 8 . 3 0 1 4 . 6 0 .  0 .  0 3 1 . 0 3 6 3 1 0 . 2 0 2 0 1 8 . 0  1 6 . 9 1 6 . 3
8 0 3 2 0 3 2 2 9 8 4 . 9 7 2 1 . 1 0 .  0 .  o 3 7 4 . 0 3 7 3 1 3 . 4 0 3 7 2 9 . 8  2 7 . 1 2 5 .  1
8 0 4 1 5 2 2 0 3 5 0 . 0 1 3 7 . 2 0 .  0 .  0 5 0 . 0 3 6 7 1 4 . 4 0 4 8 3 0 . 2  2 7 . 0 2 4 . 9
81 1 3 8 1 5 0 8 3 2 5 . 5 3 3 . 3 3 4 . 0 0  3 5 . 0 7  5 2 4 0 . 1 0 0 . 0 0 .  0 . 0 .
8 1 2 3 3 0 3 8 1 2 7 8 . 1 2 8 . 1 2 8 . 8 8  3 0 . 4 1  5 1 0 2 2 . 4 2 0 0 . 0 0 .  0 . 0 .
81 3 2 2 9 2 7 9 1 2 1 . 8 1 0 . 0 . 0 .  0 3 1 5 . 0 3 0 0 . 0 0 .  0 . 0 .
B l 4 1 7 8 2 2 9 5 7 . 1 6 1 3 . 8 5 . 8 3  5 . 5 0  0 1 6 . 1 3 0 0 . 0 0 .  0 . 0 .
8 2 1 4 0 6 4 8 3 3 8 0 . 3 7 7 . 2 3 7 . 5 9  * 2 . 6 2  5 5 6 9 . 8 1 0 0 . 0 0 .  0 . 0 .
8 2 2 3 5 6 4 0 6 2 6 8 . 9 2 1 5 . 0 3 0 . 4 7  3 1 . 9 0  5 5 7 4 . 1 2 0 0 . 0 0 .  0 . 0 .
8 2 3 3 0 5 3 5 6 1 9 9 . 5 3 5 . 3 2 2 . 1 0  2 3 . 1 0  5 3 6 9 . 2 2 0 0 . 0 0 .  0 . 0 .
359
82 4 254 305 1 2 5 . 9 0 1 3 . 2  0 .  0.
62 5 203 254 7 3 . 0 9 3 1 . 2  0 .  0.
83 1 330 361 2 1 7 . 8 5 1 7 . 0  2 1 . 0 0  2 5 . 1 2
83 2 279 330 1 7 7 . 8 4 2 4 . 0  2 1 . 9 9  2 1 . 8 2
83 3 254 279 1 3 3 . 0 6 0.  0 .  _ 0.
83 4 203 254 0 . 0 .  0 .  0 .
34 1 406 483 3 3 4 . 2 9 _ 1 8 . 9  3 5 . 5 7  3 9 . 1 1
84 2 356 406 2 8 6 . 9 2 1 2 . 5  3 2 . 0 3  3 3 . 61
84 3 330 356 2 2 9 . 4 7 2 4 . 5  2 6 . 6 7  2 7 . 4 6
84 4 254 330 0 . 0.  0 .  0 .
34 5 229 254 1 0 6 . 5 8 1 4 . 7  0 .  0.
85 1 356 406 2 7 7 . 6 8 1 2 .3  3 0 . 3 8  3 0 . 1 2
35 2 330 356 2 2 9 . 3 1 1 1 . 6  2 3 . 2 6  2 5 . 1 8
85 3 279 330 1 9 5 . 5 2 1 7 . 9  1 7 . 2 8  2 0 . 5 1
85 4 229 279 1 2 2 . 5 2 0.  0 .  0 •
86 1 305 356 2 6 8 . 0 1 1 3 . 9  3 2 . 5 3  3 2 . 6 7
86 2 279 305 2 1 8 . 3 4 1 9 .0  2 3 . 3 6  2 4 . 2 5
86 3 254 279 1 0 8 . 0 7 1 4 . 4  0 .  0 .
—  86 4 203 254 8 6 . 7 2 - 4 5 . 6  0 . ____0 . ____
86 5 152 203 5 0 . 2 0 3 3 . 2  0 .  0 .
87 1 406 483 3 6 2 . 4 7 1 2 . 4  3 5 . 1 8  3 9 . 8 3
87 2 38 1 406 2 5 8 . 0 6 9 . 0  2 8 . 6 0  3 0 . 3 2
87 3 356 381 2 3 4 . 9 2 1 8 . 9  0 .  -  0 . -
8 7  4 305 356 1 1 3 . 7 2 2 2 . 2  1 0 . 5 6  1 2 . 6 9
_ 8 7 - 5 229 305
381
_  0 . _____ 0.  - 0 .  __0 • -
88 1 330 2 1 9 . 6 5 1 2 . 7  2 3 . 7 6  2 5 . 6 3
88 2 279 330 2 0 7 . 4 4 2 3 . 3  2 4 . 0 2  2 5 . 1 9
88 3 254 279 1 3 1 . 7 2 1 8 . 3  0 .  0 .
88 4 203 254 1 0 8.  19 2 0 . 3  2 1 . 1 3  1 2 . 1 9
88 5 152 203 3 9 . 9 6 16. 1 4 . 2 8  4 . 4 5
89 1 305 356 1 9 2 . 0 7 1 4 . 6  1 7 . 6 5  1 8 . 5 8
89 2 254 305 1 4 1 . 7 3 6 . 1  1 5 . 8 9  1 6 . 6 3
89 3 229 254 9 8 . 5 3 2 4 . 8  0 .  0 .
89 4 203 229 7 4 . 0 9 3 5 . 0  0.  0 .
89 5 152 203 0 . 0 .  0 .  o .
90 1 305 381 2 7 0 . 8 4 1 5 . 5  3 0 . 0 8  3 0 . 6 7
90 2 279 305 1 6 9 . 4 6 1 5 . 4  1 6 . 7 5  1 8 . 2 4
90 3 254 279 1 2 7 . 8 2 1 4 . 5  0 .  0 .
90 4 203 254 8 3 . 8 1 2 0 . 0  6 . 6 2  9 . 5 5
91 1 203 254 8 6 . 8 3 2 5 . 2  8 . 1 1  9 . 2 2
91 2 178 203 4 0 . 3 9 1 0 0 . 0  3 . 8 3  3 . 8 3
91 3 127 178 3 2 . 4 8 0.  3 . 2 5  3 . 2 5
92 1 254 330 1 4 5 . 5 3 8 . 9  0 .  0 .
92 2 229 254 1 1 0 . 8 4 1 6 . 6  0 .  0 .
92 3 203 229 9 8 . 6 9 16. 1 8 . 5 9  7 . 4 6
92 4 152 203 4 0 . 8 6 1 7 . 9  4 . 4 1  3 . 5 8
93 1 229 305 1 22.71 1 2 . 7  1 1 . 3 2  11 . 11
93 2 203 229 8 7 . 5 3 2 8 . 2  7 .3 1 7 . 7 3
93 3 152 203 4 9 . 3 9 3 2 . 1  0 .  0 .
94 1 203 254 6 4 . 5 8 2 3 . 7  0 .  0•
94 2 203 203 3 4 . 8 6 2 4 . 9  3 . 8 8  3 . 6 0
95 1 203 279 8 1 . 4 6 2 0 . 3  9 . 0 5  7 . 4 3
95 2 178 203 5 1 . 7 4 3 5 . 2  0 .  0 .
95 3 152 178 5 1 . 1 2 3 4 . 4  5 . 2 1  4 . 3 7
95 4 ' 127 152 3 0 . 3 b 0.  3 . 0 4  3 . 1 9
96 1 203 254 8 2 . 7 2 2 0 . 2  9 . 4 2  9 . 5 9
96 2 178 203 6 7 . 0 6 0.  0 .  0 .
96 3 152 17b 4 0 . 4 8 1 9 . 9  3 . 1 0  3 . 27
97 1 203 254 7 6 . 2 3 3 4 . 0  8 . 7 9  7 • b 1
97 2 203 203 4 8 . 3 7 3 0 . 7  0 .  0 .
97 3 127 203 3 3 . 5 3 0.  3 . 3 5  3 . 3 5
98 1 203 279 7 8 . 4 0 17.1 7 , b 3 6 . 6 5
98 2 178 203 6 0 . 9 6 1 7 . 5  0 .  0.
98 3 152 178 4 4 . 2 0 2 4 .1  4 . 9 0  4 . 8 2
99 1 254 305 1 2 6 .0 8 2 9 . 2  1 4 . 05  1 2 .07
99 2 229 254 1 05.04 2 7 . 9  0 . 0 .
99 3 1 78 229 6 0 . 9b 1 7 . 5  0 .  0 .
99 4 127 178 3 5 . 8 8 1 2 . 4  0 .  0 .
100 1 254 305 127.91 2 9 . 4  1 2 . 37  1 4 .04
100 2 229 254 1 0 1 . 8 6 2 5 . 7  0 .  0.
100 3 203 229 8 3 . 3 2 1 9 . 5  9 . 4 8  9 . 0 6
1 1 4 . 0 3 0 0 . 0 0 0 . 0 .
8 5 . 0 3 0 0 . 0 0 0 . 0 .
0 . 2 0 0 . 0 0 0 . 0 .
0 . 2 0 0 . 0 0 0 . 0 .
6 1 . 0 3 0 o . 0 0 0 . 0 .
0 . 3 0 0 . 0 0 0 . 0 .
_  . 0 .  . 1 2 0  1 9 . 2 0 3 5 31 2 9 . 3 2 3 . 1
2 . 8 2 4 0  2 1 . 7 0 31 2 9 5 2 8 . 1 2 7 . 0
0 . 2 6 2  1 9 . 4 0 44 41 6 3 7 . 4 3 4 . 5
0 . 3 4 2  2 3 . 5 0 44 4 0 6 3 9 . 0 3 6 . 4
1 7 0 . 0 3 0 0 . 0 0 0 . 0 .
1 1 . 0 2 0 0 . 0 0 0 . 0 .
7 . 9 2 0 0 . 0 0 0 . 0 .
0 . 2 0 0 . 0 0 0 . 0 .
6 9 , 0 3 0 0 . 0 0 0 . 0 .
0 . 2 0 0 . 0 0 0 , 0 .
8 . 3 2 0 0 . 0 0 0 . 0 .
8 7 . 0 3 0 0 . 0 0 0 . 0 .
6 3 . 0 3 0 Q . _ _ 0 Q - 0 . 0 .
2 0 1 . 0 3 0 0 . 0 0 0 . 0 .
o . _ 1 0 0 . 0 0 0 . 0 .
1 0 . 9 1 0 0 . 0 0 0 . 0 .
2 7 . 6 2 0 0 . _ 0 0 0 . 0 .
0 . 2 0 0 . 0 0 0 . 0 .
___ 0 .._ 3 0 0 . ____ - 0 - 0 - 0 .  - -  0 .  _
0 . 2 2 7  2 0 . 1 0 3 ? 2 8 8 2 6 . 4 2 4 . 6
0 . 2 5 2  1 6 . 1 0 31 2 6 4 2 4 . 3 2 3 . 2
1 0 4 . 0 3 5 7  2 0 . 0 0 4 5 3 8 6 3 5 . 1 3 2 . 9
0 . 3 7 4  2 0 . 5 0 4 5 3 9 2 3 6 . 9 3 4 . 6
0 . 3 9 3  1 9 . 5 0 40 3 7 0 3 4 . 8 3 3 . 3
- 0 . 2 0-  0 . 0 0 0 . 0 .
0 . 3 0 0 . 0 0 0 . 0 .O*o
3 0 0 . 0 0 0 . 0 .
8 3 . 0 3 0 0 . 0 0 0 . 0 .
0 . 0 0 0 . 0 0 0 . 0 .
0 . 2 17  1 9 . 9 0 3 2 2 8 4 2 4 . 3 2 1 . 2
1 1 . 0 2 4 3  1 7 . 6 0 3 6 31 8 2 8 . 5 2 6 . 2
3 6 . 0 3 4 4  1 9 . 8 0 4 0 3 4 6 3 1 . 6 2 9 . 7
0 . 3 5 9  1 9 . 9 0 4 2 4 0 a 3 8 . 4 3 6 . 4
0 . 3 0 0 . 0 0 0 . 0 .
0 . 3 0 0 . 0 0 0 . 0 .
0 . 3 0 0 . 0 0 0 . 0 .
3 0 . 0 3 3 2  1 9 . 1 0 40 3 4 6 3 0 . 7 2 7 . 2
2 1 6 . 0 3 7 3  1 6 . 7 0 3 2 30 6 2 9 . 3 2 7 . 8
0 . 3 70  1 8 . 6 0 3 7 3 4 4 3 2 . 3 3 0 . 1
0 . 3 7 9  1 8 . 2 0 3 7 3 5 4 3 3 . 9 3 2 . 3
0 . 3 0 0 . 0 0 0 . 0 .
2 3 . 7 3 0 0 . 0 0 0 . 0 .
5 1 . 0 3 0 0 . 0 0 0 . 0 .
3 5 . 0 3 1 5  2 5 . 0 0 36 3 3 2 2 9 . 5 2 5 . 0
0 . 3 3 4  1 8 . 6 0 4 2 3 3 0 2 9 . 6 2 7 . 1
0 . 3 2 6  1 8 . 0 0 3 2 2 9 4 2 6 . 7 2 4 . 2
4 8 . 0 3 4 8  1 4 . 5 0 40 3 2 2 2 7 . 4 ? 4 . a
0 . 3 6 0  1 5 . 2 7 30 2 9 8 2 7 . 1 2 5 . 7
0 . 3 6 b 1 4 . b 0 3 4 2 8 6 2 6 . 6 2 5 .  1
0 . 3 0 0 . 0 0 . 0 .
1 0 0 . 0 3 0 0 . 0 0 . 0 .
0 . 3 0 0 . 0 0 . 0 .
0 . 3 0 0 . 0 0 . 0 .
5 3 . 0 3 0 0 . 0 0 . 0 .
0 . 3 0 0 . 0 0 . 0 .
0 . 3 0 0 . 0 0 . 0 .
3 8 . 0 3 0 0 . 0 0 . 0 .
0 . 3 0 0 . 0 0 . 0 .
2 5 . 2 3 2 7  1 3 . 2 0 43 3 0 2 2 5 . 3 2 2 . 7
1 2 8 .  0 3 4 b 1 7 . 4 0 33 31 0 2 7 .  9 2 5 . 6
1 2 2 . 0 3 2 7  2 0 . s 2 3 6 3 0 4 2 7 . 9 2 6 . 0
8 8 . 0 3 3 4  1 9 . 9 0 3 4 3 0 6 2 8 . 5 2 7 . 4
1 5 .  1 3 14  2 3 . 1 0 3 4 2 9 2 2 6 . 7 0 .
7 1 . 0 3 3 4  1 6 . 7 0 41 3 2 4 2 8 . 2 2 5 .  1
0 . 3 3 7  1 8 . 5 0 3 5 3 1 4 2 9 . 7 2 7 . 8
0
0
562
530
0
0
567
520
52^
0
0
515
4 6 6
458
0
537
510
0
. . . .  0 .
0
535
515
0
49 8
0
560
540
0
510
490
56b
513
0
0
0
51 5
47 8
0
450
531
587
431
0
0
4 9 3
44 6
524
511
0
0
510
50 5
0
487
4 6 2
4 6 2
U
4 1 it
5 41)
0
4 2 3
535
0
4 67
54 4
0
0
0
568
0
44  7
APPENDIX J
Computer program T585MP
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APPENDIX K
Data f i l e  T585SL
1 . 1 1 4 3 7  5a<* 1 0 5 3 4 6 Ü  <*6 5 8 6 . 8 0  4 1  2 6 . 6  . 0 . 0  4 8 . 4 5 3 . 0 1 0 6 . 2 1 1 6 . 3 6 3
2 . 2 1 4 B a 6 10 1 1 6 9 5 2 0  4 5  13  2 U • 2 u  3 6  3 0 . 2  2 3 . 9 .  0 4 8 .  J 4 0 . 9 1 0 7 . 0 1 0 9 . 0
3 . 3 1 4 0 6  5 3 3 8 b 0 3 7 <♦ 4 4  l o  2 4 . 0 0  3 b  3 4 . 2  2 9 . 3 2 4 . 3  4 4 . 7 4 1 . 9 1 0 2 . 0 1 01 . 0
. 4 1 3 0 5  3 5 6 4 2  1 2 1 7  5 2  13  I 9 . a 0  j 2 2 8 . 2  2 3 . 5 . 0  5 2 . 8 4 0 . 5 1 0 2 . 4 8 0 . 3
5 . 5 1 3 3 u  4 0 b 6 2 4 2 7 6  5 3  1 7 £ 0 * 6 0  3 b  3 0 . 6  2 6 . 7 2 2 . 5  5 7 . 6 5 5 . 1 1 0 9 . 3 1 0 4 . 7
5 . 6 1 2 7 9  3 3 0 3 5 8 1 5 9  4 4 1U 1 9 . 9 0  2 7  2 6 . 4  1 9 . 9 . 0  4 0 . 5 4 4 . 8 1 0 9 . 0 1 0 0 . 9
7 . 7 1 3 3 0  4 3 2 5 6 6 2 o 6  4 7  12  2 3 . 2 0  3 7  3 4 . 2  2 6 . 3 . 0  4 6 . 4 4 4 . 3 9 8 . 7 9 4  .  ?
a . B 1 3 8 1  4 3 2 6 3 5 31  0 4 9  14 2 b .  6 0  3 7 3 2 . 6  2 9 . 5 . 0  5 3 . 4 5 1 . 7 1 0 9 . 3 1 0 5 . 3
9 . 9 1 4 o 7 6 1 0 1 1 1 3 5 2 2  4 7 2 4  1 0 . 0 4  3 2  2 6 . 4  2 4 . 2 2 2 . 3  5 3 . 2 5 0 . 3 1 1 1 . 4 1 1 7 . 0
1 0 . 10 1 6 3 3  7 3 7 1 5 8 4 6 3 b  4 0  2 2  2 4 . 3 0  3 9  3 6 . 8  3 3 . 6 3 0 . 3  4 0 . 4 4 0 . 2 1 0 0 . 6 1 0 0 . 3
1 1 . 12 1 1 7 3  2 0 3 1 4 0 5 4  3 9  4 0  1 0 . 3 0  1 9  l b . 2 1 4 . 9 1 4 . 1  4 5 . 6 4 0 . 6 1 1 7 . 1 1 1 7 . 1
1 2 . 1 3 1 2 5 4  2 7 9 2 7 3 6 b  3 2  2 3  1 5 . 9 1  3 2  2 5 . 0  2 2 . 2 1 9 . 5  3 3 . 2 3 5 . 7 1 0 2 . 7 1 1 0 . 5
1 3 . 15 1 2 0 3  2 2 9 1 7 9 b 7 3 7  2 1  1 7 . 10  2 5  2 2 . 5  2 0 . a 1 9 . 2  3 b . 9 3 6 . 0 9 8 . 7 9 6 . 2
1 4 . 1 8 1 1 7 8  2 0 3 1 4 0 3 5  2 5  3 2  U . 7 U  2 5  2 2 . 4  2 0 . 4 1 3 . 5  1 9 . 8 1 9 . 8 8 0 . 0 8 0 . 0
1 5# 19 1 1 7 8  2 2 9 1 6 1 6 1  3 3  14 1 2 . 3 0  1 9  1 7 . 0  1 4 . 3 . 0  4 5 . 0 4 3 . 4 1 1 3 . 9 1 1 4 . 7
1 5 . 2 0 1 2 0 3  2 2 9 1 7 9 7 0  3 9  31  1 1 . 7 7  1 7  1 5 . 3  1 4 . 7 1 4 . 1  4 4 . 4 3 6 . 9 1 1 4 . 0 9 4 . 3
1 7 . 21 1 2 2 9  3 0 5 2 7 9 1 3 7  4 9  2 5  1 4 . 3 0  2 9  2 3 . 2  2 0 . 2 1 3 . 0  5 b . 0 5 4 . 1 1 1 4 . 2 1 1 0 . 3
1 a . 2 2 1 2 2 9  2 5 4 2 2 4 1 1 4  51 2 2  1 7 . 2 0  3 0  2 5 . a  2 2 . 7 2 0 . 0  5 5 . 5 5 6 . 3 1 0 9 . 5 1 1 2 . 0
1 9 . 2 3 1 2 7 9  2 7 9 2 9 8 1 5 4  5 2  2 9  1 7 . 0 0  2 8  2 6 . 4  2 3 . 4 2 1 . 6  5 3 . 1 5 2 . 1 1 0 2 . 7 1 0 0 . 6
2 0 . 2 4 1 3 0 5  3 5 6 4 2 1 1 B b  4 5  2 8  1 7 . 0 0  3 0  2 5 . 4  2 2 . 7 2 1 . 3  4 6 . 5 4 4 . 3 1 0 4 . 0 9 9 . 1
2 1 . 2 5 1 2 2 9  3 8 1 3 7 3 1 0 3  2 7  3 3  1 5 . 9 0  2 6  2 2 . 2  2 0 . 7 1 9 . 9  3 1 . 0 3 2 .  5 1 1 4 . 3 1 1 9 . 7
2 2 . 2 8 1 2 0 3  2 2 9 1 7 9 6 8  3 8  1 3  1 2 . 1 0  1 8  l b . 6 1 4 . 2 . 0  3 9 . 2 3 8 . 7 1 0 1 . 6 1 0 2 . 8
2 3 . 3 4 1 2 2 9  3 3 0 3 0 9 8 b  2 3  3 3  1 1 . 2 0  2 2  1 9 . 0  1 6 . 4 1 4 . 8  3 3 . 1 3 3 . 1 1 1 9 . 5 1 1 9 . 5
2 * . 3 7 1 2 5 4  3 3 0 3 3 2 1 5 4  4 6  3 1  2 4 . 4 0  4 5  4 0 . 0  3 6 . 3 3 4 . 0  4 9 . 7 4 9 . 5 1 0 7 . 0 1 0 6 . 7
_  2 5 . ---------- 4 2 1 2 2 9  3 3 0 _ 3 0 9 1 3 7  4 4  2 0  1 9 . 7 0  2 8  2 b . 0 2 4 . 6 2 2 . 9  4 6 . 5 4 4  . 1 1 0 5 . 3 9 9 . 3
2 5 . 4 6 1 2 7 9  3 3 0 3 5 0 1 5 3  4 3  3 0  1 6 . 9 0  3 4  2 9 . 0  2 5 . 9 2 3 . 1  4 5 . 9 4 3 . 0 1 0 7 . 3 1 1 2 . 2
2 7 . 4 8 1 2 5 4  3 0 5 3 0 2 1 0 5  3 5  13  2 3 . 6 0  3 8  3 2 , 4  2 7 . 2 . 0  3 9 . 6 4 0 . 5 1 1 3 . 6 1 1 6 . 1
2 3 . 5 3 1 1 7 8  2 0 3 1 4 0 4 b  3 3  3 4  1 4 . 2 0  2 5  2 3 . 3  2 0 . 8 1 0 . 9  2 5 . 9 3 3 . 7 7 8 . 3 1 0 2 . 2
2 9 . 5 4 1 2 0 3  2 5 4 2 0 2 8 b  4 4  2 2  2 2 . 4 0  4 0  3 6 . 4  3 3 . 4 2 3 . 9  4 4 . 3 4 4 . 6 1 0 1 . 8 1 0 2 . 4
3 0 . 5 7 1 1 7 8  2 2 9 1 6 1 6 4  3 9  0 . 0 0  0 . 0  . 0 . 0  3 9 . 7 4 5 . 3 1 0 0 . 5 1 1 4 . 3
-  3 1 . - ____ 5 9 1 2 2 9  2 7 9 2 5 0 1 1 0  4 4  0 ___. 0 0 ____ 0 _  . 0  _  . 0 . - _ . 0 _  - 3 6 . 7 3 9 . 4 - 9 3 . 6 8 9 . 8
3 2 . 6 0 1 1 5 2  2 2 9 1 4 5 5 1  3 5  2 4  1 7 . 1 0  d b  2 4 . 8  2 3 . 2 2 1 . 5  3 8 . 4 1 4 . 8 1 0 9 . 9 9 9 . 5  '•
3 3 . 61 1 3 5 6  4 5 7 6 4 3 3 2 6  51  2 5  1 9 . 7 0  4 4  3 2 . 2  2 7 . 6 2 5 . 3  5 1 . 8 4 4 . 5 1 0 2 . 1 8 7 . 7
3 4 . 6 2 1 3 3 0  3 8 1 4 8 7 2 1 4  4 4  2 0  2 3 . 4 0  3 9  3 3 . 0  3 0 . 2 2 7 . 5  5 0 . 0 4 7 . 9 1 1 3 . 8 1 0 9 . 0
- 3 5 . 6 3 1 3 3 0  4 0 6 5 2 4 2 3 1  4 4  2 2  2 7 . 1 0  4 4  3 6 . 0  3 3 . 2 3 1 . 1  4 1 . 1 3 6 . 4 9 3 . 3 8 2 . 7
3 5 . 6 4 1 3 5 6  4 3 2 6 0 0 2 5 6  4 3  0 . 0 0  0 . 0  . 0 . 0  4 4 . 5 4 0 , 6 1 0 4 . 5 1 0 7 . 0
—  3 7 . 6 6 1 3 0 5  3 5 6 4 2 1 1 9 3  4 6  0 . 0 0  0 . 0  . 0 . 0  4 9 . 8 4 7 . 2 1 0 8 . 6 1 0 2 . 9
3 9 . 70 1 3 0 5  3 3 0 3 8 7 2 1 6  5 6  0 . 0 0  0 . 0  . 0 . 0  6 b . 1 5 7 . 4 1 1 8 . 4 1 0 2 . 8
3 9 . 71 1 2 7 9  3 3 0 3 5 8 1 6 8  4 7  0 . 0 0  0 . 0  . 0 . 0  5 2 . 3 4 2 . 8 1 1 1 . 3 9 1 . 2
4 0 . 7 3 1 3 5 6  4 0 6 5 5 8 2 6 4  4 7  0 . 0 0  0 . 0  . 0 . 0  5 4 . 0 4 9 . 7 1 1 4 . 2 1 0 5 . 0
4 1 . 7 4 1 3 0 5  3 5 6 4 2 1 1 9 7  4 7  3 4  1 6 . 3 0  3 5  2 8 . 6  2 5 . 3 2 2 . 9  4 1 . 6 3 9 . 4 0 0 . 7 3 4 . 0
4 2 . 7 5 1 2 5 4  3 0 5 3 0 2 1 1 2  3 7  16  1 0 . 8 0  1 9  1 5 . 4  1 3 . 8 1 1 . 1  3 7 . 6 4 1 . 4 1 1 5 . 4 1 1 1 . 6
-  4 3 . 7 6 1 3 0 5  3 5 6 4 2 1 l a O  4 3  0 . 0 0  0 . 0  . 0 . 0  4 9 . 2 4 7 . 6 1 1 5 . 0 1 1 1 . 2
4 4  . 7 7 1 2 7 9  3 5 6 3 9 2 1 6 1  4 6  3 6  1 5 . 3 0  2 6  2 2 . 6  2 1 . 0 1 9 . 3  5 5 . 2 5 0 . 1 1 1 9 . 6 1 0 3 . 6
4 5 . 78 1 3 3 0  3 8 1 4 8 7 2 2 0  4 5  0 . 0 0  0 . 0  . 0 . 0  3 7 . 5 3 7 . 2 8 3 . 0 3 2 . 4
4 6 . 7 9 1 3 0 5  3 8 1 4 5 6 1 9 4  4 3  13  2 0 . 8 0  3 1  2 7 . 4  2 3 . 1 . 0  5 3 . 6 4 5 . 7 1 2 5 . o 1 0 7 . 2
4 7 . 8 0 1 2 5 4  3 3 0 3 3 2 1 3 7  41 2 8  1 1 . 7 0  1 9  1 8 . 0  1 6 . 8 1 5 . 7  4 9 . 1 4 8 . 6 1 1 9 . 2 1 1 7 . 9
4 3 . 31 1 3 8 1  5 0 8 7 7 2 3 2 b  4 2  0 . 0 0  0 . 0  . 0 . 0  4 5 . 4 4 4 . 0 1 0 7 . 7 1 0 4 . 4
4 9 . 0 2 1 4 0 6  4 8 3 7 6 2 3 8 0  5 0  0 . 0 0  0 . 0  . 0 . 0  5 5 . 9 4 9 . 3 1 1 2 . 0 9 3 . 8
5 0  . 0 3 l 3 3 0  3 8 1 4 0 7 2 1 8  4 5  0 . 0 0  0 . 0  . 0 . 0  5 1 . 6 4 3 . 2 1 1 5 . 3 9 6 . 4
31 . 8 4 1 4 0 6  4 8 3 7 6 2 3 3 4  4 4  2 0  1 9 . 2 0  3 6  3 1 . 6  2 8 . 3 2 3 . 1  5 1 . 3 4 6 . 6 1 1 7 . 0 1 0 6 . 4
5 2 . 8 5 1 3 5 6  4 0 6 5 5 8 2 7 8  5 0  0 . 0 0  0 . 0  . 0 . 0  8 3 . 9 5 4 , 4 1 0 0 . 5 1 0 9 . 4
5 3 . 8 6 1 3 0 5  3 5 6 4 2 1 2 b b  6 4  0 . 0 0  0 . 0  . 0 . 0  7 7 . 6 7 7 . 3 1 2 1 . 9 1 2 1 . 4
5 4 . 8 7 1 4 0 6  4 8 3 7 6 2 3 6 2  4 8  0 . 0 0  0 . 0  . 0 . 0  5 2 . 2 4 6 .  1 1 0 Q . O 9 7 .  1
5 5 . 8 8 1 3 3 0  3 6 1 4 8 7 Cd. 0 4 5  d l  2 0 . 1 0  j 2 2 8 . 8  2 6 . 4 2 4 . 6  5 2 . 7 4 8 . 8 1 1 6 . 7 1 0 9 . 2
5 6  • 0 9 1 3 0 5  3 5 6 4 2 1 1 9 2  4 b  0 . 0 0  0 . 0  . 0 . 0  4 4 . 1 4 1 . 9 9 6 . 7 9 1 . 9
5 7 . 9 0 1 3 0 5  3 8 1 4 5 6 2 7 1  a 9  17 1 9 . 9 0  3 2  2 8 . 4  2 4 . 3 2 1 . 2  6 7 . 2 6 5 . 9 1 1 3 . 2 1 1 1 . 1
5 a . 91 1 2 0 3  2 5 4 2 0 2 8 7  4 3  0 . 0 0  0 . 0  . 0 . 0  4 0 . 6 4 0  . 1 9 4 . 7 9 3 . 4
5 9 . 9 3 1 2 2 9  3 0 5 2 7 9 1 2 J  4 4  0 . 0 0  0 . 0  . 0 . 0  3 9 . 9 4 0 . 6 9 0 . 5 9 2 . 3
6 0 . 9 5 1 2 0 3  2 7 9 2 2 8 8 1  3 6  2 6  1 8 . 0 0  3 2  2 9 . 4  2 6 . 7 2 4 . 2  3 2 . 6 3 9 . 7 9 1 . 2 1 1 1 . 1
61 . 9 6 1 2 0 3  2 5 4 2 0 2 8 3  41  0 . 0 0  0 . 0  . 0 . 0  4 2 . 4 4 6 . 5 1 0 3 . 8 1 1 3 . 9
5 2 . 9 7 1 2 0 3  2 5 4 2 0 2 7 6  3 9  0 . 0 0  0 . 0  . 0 . 0  3 7 . 6 4 3 . 4 9 9 . 8 1 1 5 . 3
6 3 . 9 0 1 2 0 3  2 7 9 2 2 8 7 8  3 4  0 . 0 0  0 . 0  . 0 . 0  2 9 . 2 . 1 4 . 3 8 4 . 8 9 9 . 9
6 4 . 9 9 1 2 5 4  3 0 5 3 0 2 1 2 6  4 2  2 7  1 8 . 2 0  4 3  3 0 . 2  2 5 . 8 2 2 . 7  4 0 . 0 4 6 . 6 9 5 . 7 1 1 1 . 4
6 5 . 1 0 0 1 2 5 4  3 0 5 3 0 2 1 2 8  4 2  1 4  2 3 . 1 0  3 4  2 9 . 2  2 6 . 7 . 0  4 6 . 5 4 1 . 0 1 0 9 . 8 9 6 . 7
6 6 . 1 2 4 0 6  4 5 7 7 1 6 3 7 9  5 3  8 2 2 . 5 0  3 2  2 7 . 0  . 0 . 0  5 6 . 6 5 7 . 2 1 0 7 . 0 1 0 8 . 0
6 7 . 2 2 4 0 6  4 8 3 7 6 2 4 3 3  5 7  5 8  1 7 . 9 0  i b  3 5 . 0  3 2 . 9 3 1 . 3  5 6 . 9 6 0 . 5 1 0 3 . 8 1 0 6 . 6
6 8 . 3 2 3 8 1  4 0 b 5 9 4 3 5 3  6 0  3 0  1 9 . 4 0  4 3  3 4 . d 3 u . 3 2 7 . 5  6 0 . 1 6 0 . 7 1 0 1 . 0 1 0 2 . 0
6 9 . 4 2 2 7 9  3 0 5 3 2 7 2 0 4  6 2  3 1  1 7 . 9 0  3 *  2 7 . 4  2 4 . 2 2 2 . 3  7 4 . 0 7 4 . 1 i  1 9 . 0 1 1 9 .  1
7 0 . 5 2 3 0 5  3 3 0 3 8 7 1 8 9  4 9  3 3  2 2 . 2 0  4 0  3 7 . 6  3 5 . 3 a 3 . 3  5 1 . 8 4 4 . 0 1 0 6 . 2 9 1 . 3
7 1 . 6 2 2 5 4  2 7 9 2 7 3 1 2 6  4 6  3 5  l a .  70  3 1  2 9 . 6  2 6 . 9 2 4 . 9  5 7 . 1 5 3 . 7 1 2 3 . 4 1 1 5 . 9
7 2 . 7 2 3 0 5  3 3 0 3 8 7 1 9 5  4 9  4 6  2 3 . 9 0  5 2  4 5 . 0  4 0 . 9 3 7 . 7  5 5 . 2 5 5 . 0 1 1 5 . 5 1 1 5 . 1
- 7 3 . ---------- 0 2 3 3 0  3 8 1 4 8 7 2 9 8  61  2 5  3 0 . 2 0  5 4  5 0 . 4  4 2 . 7  3 7 . 9  b 3 . 1 6 3 .  7 1 0 2 . 8 1 0 3 . 8
7 4 . 9 2 4 0 b  4 5 7 7 1 6 3 6 0  51  3 9  1 8 . 4 0  4 4  3 4 . 6  3 1 . 0 2 9 . 1  5 6 . 9 5 8 . 8 1 1 0 . 6 1 1 4 . 3
7 5 . 10 2 4 6 3  5 3 3 9 9 1 5 6 9  5 7  3 2  2 9 . 7 a  6 8  5 8 . 8  4 9 . 2 4 3 . 4  5 4 . 2 5 5 . 2 9 4 . 5 9 6 . 1
7 6 . 1 1 2 1 7 8  1 7 8 1 2 1 2 7  2 2  5 1  1 3 . 2 0  2 a  2 2 . 2  2 0 . 0 1 9 . 9  2 7 . 9 2 6 . 0 1 2 7 . 1 1 1 8 . 4
7 7 . 1 3 2 2 2 9  2 5 4 2 2 4 8 6  3 8  5 5  1 3 . 8 2  2 7  2 5 . 0  2 3 . 2 2 1 . 9  3 6 . 7 3 4 . 5 9 6 . 1 9 0 . 1
7 3 . 1 5 2 1 7 8  2 0 3 1 4 0 5 4  3 9  4 6  1 5 . 4 0  2 4  2 2 . 2  2 1 . 3 2 0 . 4  4 2 . 3 4 1 . 8 1 0 8 . 7 1 0 7 . 4
— 7-9»----------- ------------- 1 6 - 2 £ U-3 - -2 0-3------ 1 5 8 — 8 0  -51— 3 5 — 1 5 . Z 0 - 2 X - 3 3 . < k - 2  1 . 9 - 2 0 . 9  - 5 0 ^ 1 - 4 9 . 5 -----9 8 . 9 - - 9 7 . 8 -
3 0 . 19 2 1 5 2  1 7 8 1 0 5 4 4  4 2  5 1  1 3 . 2 0  2 7  2 2 . 2  2 0 . 0 1 9 . 0  3 0 . 7 3 0 . 7 7 2 . 9 7 2 . 9
-  8 1 . 2 3 2 2 2 9  2 7 9 2 5 0 1 3 9  5 6  3 4  1 9 . 4 0  6 5  4 0 . 6  3 2 . 7 - 2 3 . 4  6 6 . 0 6 0 . 2 1 1 3 . 7 1 0 8 . 2
3 2 . 2 4 2 2 5 4  3 0 5 3 0 2 U 6  4 0  6 1  1 7 . 2 0  4 5  3 3 . 6  3 0 . 5 2 3 . 5  5 7 . 1 5 4 . 3 1 1 8 . 4 1 1 2 . 6
- 9 3 . - 2 5 2 2 0 3  2 2 9 1 7 9 7 9  4 4 - 5 8  1 2 . 0 0 - 3 7 - 3 2 . 4  2 6 . 7 - 2 2 . 5  5 0 . 1 4 8 . 7 1 1 3 . 4 1 1 0 . 2
3 4 . 2 7 2 2 2 9  2 2 9 2 0 1 7 6  3 8  6 9  1 1 . 6 0  2 3  2 0 . 4  1 8 . 7 1 7 . 5  4 5 . 8 4 6 . 1 1 2 0 . 6 1 2 1 . 7
— 3 5 . ----------- ------------- 2 6 2 - 1 5 2 -  2 0 3 — 1 « — 4 0  3 2 - 2 7 -  1 3 . 2 0 - 2 8 - 2 2 . 0  - 4 8 ^ 5 - 1 6 . 3 - 3 7 . 0 3 4 . 3 1 1 5 . 4 1 0 6 . 8
8 6 . 31 2 2 2 9  2 7 9 2 5 0 1 4 0  5 6  3 6  1 7 . 4 0  2 a  2 6 . 0  2 4 . 3 2 2 . 3  6 1 . 3 5 7 . 2 1 0 9 . 4 1 0 2 . 1
8 7 . 3 2 2 2 5 4  2 7 9 2 7 3 1 4 4  5 3  2 3  1 7 . 7 0 - 3 2 - 3 0 . 4  2 6 . 8 2 2 . 9  6 1 . 8 5 9 . 7 1 1 6 . 9 1 1 3 . 0
3 9 . 3 3 2 2 2 9  2 5 4 2 2 4 1 1 0  4 9  2 9  2 1 . 2 0  4 3  3 9 . 2  3 3 . 2 2 9 . 9  5 7 . 4 3 8 . 5 1 1 6 . 6 7 8 . 3
-  8 9 .  - 3 6 2 2 2 9  2 7 9 — 2 5 0 1 0 3 - 4 1  3 4 - 1 5 . 3 0  2 b  2 > . 2 2 3 . 3 2 0 . 9  4 7 . 2 4 3 . 6 1 1 4 . 4 1 0 5 . 5
9 0  . 3 7 2 2 5 4  2 5 4 2 4 7 1 2 4  5 0  4 0  2 2 . OÜ 41  j d . 8  3 5 . 9 3 3 . 6  5 4 . 2 4 4 . 9 1 0 7 . 6 8 8 . 9
364.
- 9 1 . --------------------- 3 9 2 1 7 8 2 0 3 1 * 0 - 6 5 4 7 -  2 * - 2 2 . 5 0 *-2 3 8 8 3 3 . 6 2 3 7 4 5 . 8 3 5 . 7 9 7 , 9 7 6 . 3
9 2 . * 2 2 2 2 9 2 2 9 2 0  1 9 7 4 8 3 0 1 8 . 1 0 3 4 2 9 6 2 b .  9 2 * 9 5 0 . 1 * 3 . 3 1 0 3 . 7 3 9 . 7
9 3 . * 3 2 2 7 9 3 3 0 3 5 8 1 6 6 4 7 2 b 2 * . 6 0 3 7 3 4 0 3 2 .  7 3 0 9 5 0 . 7 5 0 . 2 1 0 9 . 0 1 0 7 . 8
9 * . * 4 2 2 2 9 2 7 9 2 5 0 9 3 3 7 21 2 4 . 0 0 4 4 4 1 4 3 4 .  9 3 0 4 3 3 . 4 3 ? . * 9 0 . 0 3 7 . 3
9 5 . * 9 2 2  79 3 0 5 3 2 7 2 1 4 6 5 4 5 1 9 . 8 0 6 1 4 4 8 3 8 .  6 3 4 7 6 6 . 9 6 4 . 1 1 0 2 . 2 9 7 . 8
9 b » 5 0 2 2 5 4 2 7 9 2 7 3 1 * 6 5 3 1 3 2 6 . 3 0 3 8 3 5 4 2 9 . 9 0 5 3 . 9 5 0  . fl 1 0 0 .  fl 9 5 . 1
9 7 . 5 2 2 1 5 2 1 7 8 - 1 0 5 4 7 *  5 0 . 0 0 0 0 .  0 . . . . 0 * 7 . 8 * 6 . 2 1 0 6 . 5 1 0 2 . 9
9 9 . 5 3 2 1 2 7 1 7 8 9 2 2 7 2 9 6 4 1 4 . 4 0 3 6 31 8 3 0 .  1 2 7 5 2 3 . * 2 7 .  1 8 0 . 0 9 2 . 7
9 9 . 5 6 2 1 5 2 1 7 8 1 0 5 5 ö 5 3 3 8 1 9 . 2 0 3 * 3 2 4 31 .  o 2 3 9 5 5 . 2 5 6 . 9 1 0 3 . 2 1 0 6 . *
1 0 0  . 5 7 2 1 5 2 1 7 8 1 0 5 5 0 * 8 0 . 0 0 0 0 .  0 0 5 3 . 8 4 7 . 4 1 1 1 . 3 9 8 . 5
1 0 1  . 5 9 2 1 5 2 1 78 1 0 5 4 7 4 5 31 2 2 . 0 0 4 0 Jo 0 31 . 8 2 9 3 4 6 . 2 4 6 . 2 1 0 2 . * 1 0 2 . *
1 0 2 . 61 2 3 3 0 3 5 6 * 5 1 2 6 1 5 8 2 6 2 3 . 1 0 5 3 4 4 0 3 9 .  0 3 2 3 6 9 . 2 6 6 . 9 1 1 9 . 4 1 1 5 . 6
1 0 3 , 6 3 2 3 0 5 3 3 0 3 8 7 1 8 5 4 8 2 0 2 6 . * 0 * 3 3 8 4 3 4 . 0 81 3 5 6 . 0 5 1 . 0 1 1 7 . 3 1 0 6 . 9
1 0 * . 6 * 2 3 3 0 3 5 6 * 5 1 2 2 7 5 0 0 . 0 0 0 0 . 0 0 5 6 . 9 5 *  . 3 1 1 3 . 0 1 0 8 . 9
1 0 5 . 6 5 2 2 7 9 3 0 6 3 2 7 1 5 9 4 9 0 . 0 0 0 0 .  o 0 5 * . 8 5 4 . 9 1 1 2 . 6 1 1 2 . 8
1 0 6 . 6 6 2 2 7 9 3 0 5 3 2 7 1 7 7 5 4 0 . 0 0 0 0 .  0 0 6 0 . 1 5 7 . 5 1 1 1 . 0 1 0 6 . 2
1 0 7 . 6 8 2 2 5 * 2 5 4 2 * 7 1 1 3 4 6 0 . 0 0 0 0 .  o 0 5 1 . 6 4 9 . 7 1 1 2 . 7 1 0 8 . 7
1 0 8 . 6 9 2 3 0 5 3 3 0 3 8 7 1 9 2 5 0 0 . 0 0 0 0 . 0 0 5 7 . 2 5 0 . 1 1 1 5 . 2 10  0 . 9
1 0 9 . 70 2 2 7 9 3 0 5 3 2 7 1 6 4 50 0 . 0 0 0 0 • u 0 6 0 . 8 5 « . 3 1 ?1  .  6 1 1 6 . 7
1 1 0 . 7 2 2 2 2 9 2 5 4 2 2 * 1 1 0 4 9 0 . 0 0 0 0 .  0 0 * *  .  9 4 4 . 6 9 1 . 1 9 0  . *
1 1 1 . 7 3 2 3 0 5 3 5 o * 2 1 2 5 0 5 9 0 .  00 0 0 . o 0 6 6 . 7 5 7 . 3 1 1 2 . * 9 6 . 5
1 1 2 . 7 4 2 2 7 9 3 0 5 3 2 7 1 7 9 5 5 5 2 1 8 . 7 0 *♦6 3 6 4 3 2 . 5 3 0 2 5 2 . 0 * *  . 3 9 5 . 0 8 0 . 9
1 1 3 . 7 7 2 2 2 9 2 7 9 2 5 0 1 2 8 5 1 4 0 1 8 . 6 0 4 0 3 4 6 2 9 .  8 2 7 4 5 7 . 8 5 0 . 0 1 1 3 . 0 9 7 . 8
1 1 * . 7 fc 2 3 0 5 3 3 0 3 8 7 1 9 0 4 9 0 . 0 0 0 0 .  0 0 6 0 . 0 5 5 . 2 1 2 2 .  * 1 1 2 . 7
1 1 5 . 7 9 2 2 5 * 3 0 5 3 0 2 1 5 8 5 3 3 7 1 7 . 5 0 31 2 b 4 2 5 .  5 2 3 6 5 9  .  * * 6 . 6 1 1 3 . 1 9 8 . 7
1 1 5 . e i 2 3 3 0 3 8 1 4 8 7 2 7 8 5 7 0 . 0 0 0 0 .  0 0 6 2 . 5 5 9 . 4 1 0 9 . 3 1 0 3 . 8
1 1 7 . 6 2 2 3 5 6 4 0 b 5 5 8 2 6 9 * 8 0 . 0 0 0 0 . 0 0 5 7 . 1 5 4 . 6 1 1 8 . 6 1 1 3 . 3
1 1 6 , 8 3 2 2 79 3 3 0 3 5 9 1 7 8 5 0 0 . 0 0 0 0 .  0 0 6 1 . 0 6 1 . 5 1 2 2 . 7 1 2 3 . 7
1 1 9 . 8 4 2 3 5 6 * 0 6 5 5 8 2 8 7 51 * 0 2 1 . 7 0 31 2 9 6 2 8 .  1 2 7 0 6 0 . 2 5 7 . 4 1 1 7 . 1 1 1 1 . 6
1 2 0 . 8 5 2 3 3 0 3 5 6 4 5 1 2 2 9 51 0 . 0 0 0 0 . 0 0 5 5 . 8 5 1 . 5 1 0 9 . 3 1 0 1 .  *
1 2 1 . 8 6 2 2 7 9 3 0 5 3 2 7 2 1 8 6 7 0 . 0 0 0 0 .  0 0 7 4 . 1 71  .  4 1 1 1 . 1 1 0 7 . 0
1 2 2 . b7 2 3 6 1 * 0 6 5 9 4 2 5  8 4 3 0 . 0 0 0 0 .  0 0 5 1 . 1 4 8 . 2 1 1 7 . 5 1 1 0 . 8
1 2 3 . 8 8 2 2 7 9 3 3 0 3 5 8 2 0 7 5 8 5 2 1 6 . 1 0 31 2 6 4 2 4 . 3 2 3 2 7 0 . 4 6 7 . 2 1 2 1 . * 1 1 5 . 8
1 2 * . 9 9 2 2 5 * 3 0 5 3 0 2 1 4 2 4 7 0 . 0 0 0 0 .  0 0 5 5 . 1 5 2 . 7 1 1 7 . 3 1 1 2 . 1
1 2 5 . 9 0 2 2 7 9 3 0 5 3 2 7 1 6 9 5 2 * 3 1 7 . 6 0 3 b 31 8 2 8 . 5 2 6 2 5 5 . 7 5 1 . 2 1 0 7 . 6 9 8 . 8
1 2 5 . 91 2 1 7 8 2 0 3 1 4 0 * 0 2 9 0 . 0 0 0 0 .  o 0 2 7 . 4 2 7 . 4 9 * .  8 9 4 . 8
1 2 7 . 9 3 2 2 0 3 2 2 9 1 7 9 8 8 4 9 0 . 0 0 0 0 .  0 0 * 3 . 1 * 0 . 8 8 8 . 3 8 3 . 5
1 2 3 . 9 * 2 2 0 3 2 0 3 1 5 8 3 5 2 2 3 4 1 8 . 6 0 4 2 3 3 0 2 9 .  6 2 7 1 2 2 . 8 2 * .  6 1 0 3 . 3 1 1 1 . 3
1 2 9 . 1 3 3 5 6 * 0 6 5 5 8 3 0 9 55 2 5 2 2 . 5 0 39 36 6 3 2 .  9 2 9 7 6 2 . 3 5 7 . 6 1 1 2 .  * 1 0 * .  1
1 3 0 , 2 3 3 8 1 * 0 6 5 9 4 3 2 9 5 5 4 8 2 0 . 7 0 4 3 * 1 2 3 8 .  3 3 4 6 5 b .  0 * 7 . 6 1 0 1 .  1 8 6 . 0
1 3 1 . 3 3 3 3 0 3 8 1 4 8 7 3 1 9 6 5 3 6 2 7 . 8 0 5 7 50 4 4 5 . 2 *  1 1 6 9 . 8 5 7 . 7 1 0 6 . 6 3 8 . 2
1 3 2 . * 3 2 2 9 2 7 9 2 5 0 1 * 6 5 9 1 9 2 3 . 8 0 4 4 3 7 2 31 .  4 2 7 ? 6 2 . * 5 6 . * 1 0 6 . * 9 6 . 3
1 3 3 .  ------- _ 5 3 2 5 4 3 0 5 __ 3 0 2 . 1 2 *  ._* 1_ 2 0 2 8 . 4 0 4 5 * 1 2 3 7 .  7 3 3 3 * 6 . 8 * 5 . 1 1 1 * . 2 1 1 0 . 2
1 3 * . 6 3 2 0 3 2 5 * 2 0 2 1 0 2 51 3 9 1 8 . 0 0 4 4 3 2 4 2 8 .  5 2 6 3 6 2 . 3 5 8 . 3 1 2 3 . 3 1 1 5 . 4
1 3 5 . 7 3 2 5 * 3 0 5 3 0 2 1 2 1 40 “ 2 2 5 . 3 0 7 8 6 2 2 5 0 ,  0 4 4 9 3 9 . 0 3 * .  1 9 7 , 1 8 5 . 1
1 3 6 . 8 3 3 0 5 3 3 0 3 8 7 2 0 6 5 3 2 5 3 0  . * 0 6 3 5 2 2 4 3 .  9 3 8 4 6 0 . 1 5 3 . 0 1 1 2 . 8 9 9 . 5
1 3 7 . 9 3 3 5 6 * 0 6 5 5 9 2 6 7 * 9 3 4 2 2 . 3 0 6 9 * 5 2 3 8 .  2 3 3 9 5 3 . 1 * * . 3 1 1 1 . 0 9 2 . 6
1 3 b . 10 3 * 5 7 * 8 3 8 * 7 * 3 5 51 2 9 3 * . 2 0 7 3 61 4 5 4 .  7 4 8 3 5 *  . 3 * 7 . 9 1 0 5 . 6 9 3 .  1
1 3 9 . - _________ 11 3 1 2  J 1 7 8 .  9 2 _ 2 Q 2 2 6 5 1 1 . 8 6 2 4 2 3 2 2 1 .  4 2 0 0 2 6 . 1 2 6 .  1 1 2 0 . 8 1 2 0 . 8
1 * 0 . 1 3 3 2 0 3 2 2 9 1 79 * 2 2 3 4  1 1 2 . 8 8 3 6 2 6 6 21 . 7 1 9 5 2  7 . 4 2 7 . 9 1 1 8 . 6 1 2 0 . 7
1 * 1  . 14 3 1 5 2 1 7 8 1 0 5 * 9 4 7 3 3 1 6 . 3 0 3 * 30 2 2 6 ,  5 2 3 9 * 6 . 8 3 7 . 2 1 0 0 . 5 7 9 . 3
1 * 2 . 15 3 1 5 2 1 7 8 1 0 5 3 * 3 2 6 1 1 3 . 5 0 3 2 2 3 8 21 .  6 2 0 3 1 6 . 0 1 6 . 0 5 0 . 1 5 0 . 1
1 * 3 . 2 1 3 1 5 2 2 0 3 1 2 3 5 5 * * 5 0 1 7 . 9 0 3 5 30 4 2 3 .  6 2 7 ? 5 0  . 2 * 9 . 0 1 1 3 . 2 1 1 0 . 5
1 * * . 2 3 3 2 0 3 2 2 9 1 7 9 1 0 * 5 8 2 3 2 1  . 3 0 4 2 3 7 4 31 .  8 2 6 5 5 5 . 5 3 9 . 1 9 5 . 5 6 7 . 2
1 * 5 . 2 6 3 1 7 8 2 0 3 1 * 0 5 0 3 6 31 1 5 . * 0 3 6 2 8 2 2 3 .  1 2 0 6 3 8  . * 3 0 . 0 1 0 6 . 6 8 3 . 3
1 * 5 . 2 8 3 1 2 7 1 5 2 7 5 3 * * 5 2 8 1 0 . 3 0 15 1 * 4 13 .  8 1 3 4 3 6 . 9 3 3 .  * 8 2 . 6 7 * . 9
1 * 7 . 3 2 3 2 2 9 2 5 * 2 2 * 1 1 0 4 9 3 9 1 6 . 0 0 3 5 3 0 8 2 7 .  4 2 * 9 * 8 . 8 * 0 .  1 9 9 . 3 8 1 . 7
1 * 9 . 3 6 3 2 0 3 2 2 9 1 79 8 0 44 6 * 1 3 . 9 0 2 6 2 5 2 2 3 .  7 2 2 2 * 9 . 3 * 6 . 9 1 1 0 . 9 1 0 5 . 6
1 * 9 . 3 7 3 2 0 3 2 5 * 2 0 2 9 3 4 6 4 9 1 8 . 6 0 4 6 3 8 4 3 3 . 1 3 0 0 5 3 . * 5 2 . 2 1 1 6 . 9 1 1 * . 2
1 5 0 . 3 6 3 2 2 9 2 5 * 2 2 * 1 0 5 * 7 5 0 1 7 . 2 0 3 5 31 3 2 9 .  5 2 7 3 5 2 . 0 * 7 . 1 1 1 1 . 0 1 0 0 . 6
1 5 1  . * 0 3 2 0 3 2 2 9 1 7 9 6 7 3 7 51 1 5 . 9 0 3 0 2 5 4 2 3 .  7 2 2 2 * 0 . 6 * 0 . 2 1 0 8 . 7 1 0 7 . 5
1 5 2 . *  1 3 2 0 3 2 2 9 1 7 9 9 3 5 2 6 3 1 5 . 3 0 3 2 2 7 4 2 4 .  8 2 3 5 5 5 . 1 5 6 . 5 1 0 6 . 3 1 0 9 . 0
1 5 3 . * 2 3 1 78 2 2 9 1 6 1 5 8 3 6 * 5 1 7 . 8 0 3 4 30 4 2 7 . 5 2 5 7 3 6 . 3 2 3 . 0 1 0 0 . * 7 7  . *
1 5 * . 4 4 3 1 78 2 2 9 1 6 1 70 * 3 2 3 1 7 . 5 0 3 9 31 2 2 6 .  5 2 2 3 5 1 . 8 5 0 . 8 1 1 9 . 1 1 1 7 . 0
1 5 5 . 4 7 3 2 7 9 2 7 9 2 9 8 1 6 2 5 * * 2 2 1 . 3 0 4 5 40 4 3 6 .  9 3 4 1 6 7 . J 6 5 . 7 1 2 3 . 9 1 2 1 . 0
1 5 6 . 4 6 3 2 0 3 2 2 9 1 7 9 9 8 5 5 3 7 1 8 . 0 0 4 6 36 0 30 .  3 2 7 3 6 1 . 8 * 5 . 1 1 1 3 . 3 9 2 . 6
1 5 7 . 5 0 3 2 2 9 2 5 4 2 2 * 97 * 3 2 7 2 4 . 2 0 5 3 * 2 8 3 5 .  7 3 2 0 * 2 . 8 * 0 . 1 9 9 . 0 9 2 . 7
1 5 6 . 5 4 3 1 5 2 1 7 8 1 0 5 * 2 40 76 1 7 . 8 0 4 0 3 3 o 31 .  o 3 0 3 3 9 . 6 3 « .  0 1 0 0 . 2 9 6 . 1
1 5 9 . 5 5 3 1 2 7 1 7 8 9 2 2 2 2 * 0 . 0 0 0 0 .  0 0 2 *  . 0 2 4 . 0 9 8 . 8 9 8 . 9
1 5 0 . 5 6 3 1 2 7 1 5 2 7 5 13 1 7 31 1 7 .öO 5 6 3 6 0 2 8 . 9 2 5 1 1 3 . 7 1 8 . 7 3 0 . 1 8 0 . 1
1 61  . 5 7 3 1 2 7 1 5 2 75 3 * * 5 0 . 0 0 0 0 .  0 0 4 4 .  b 4 4  . 9 g .  9 9 9 . 9
1 6 2 . 5 8 3 1 2 7 1 5 2 7 5 2 2 30 6 0 1 8 . 0 0 3 5 31 0 2 9 • Ö 2 8 7 2 3 . 7 2 3 . 7 3 0 . 0 8 0 . 0
365
16 3 . 61 3 3 Ob 330 3 H 7 231 bO 31 c l  . 6 0 5b 4 7 . 2 40 4 3 3 7 6 8 . 2 6 4 . 6 1 1 4 . 1 1 0 8 . 2
1 6 4 . 63 3 2 5 4 3 05 3 0 2 1 4b 4 4 28 2 b .  10 43 3 8 . 2 35 D 33 6 5 6 . 0 4 8 . 9 1 1 6 . 0 1 0 1 . 1
1 6 5 . 65 3 2 5 4 2 7 9 2 7 3 1 13 4 1 0 . 0 0 0 . 0 0 0 4 6 . 5 3 6 .  1 1 1 2 . 5 8 7 . 3
1 6 6 . 69 3 2 5 4 305 3 0 2 1 49 50 0 . 00 0 . 0 0 0 5 5 . 9 4 5 . 2 1 1 2 . 9 9 1 . 3
1 6 7 . 72 3 2 0 3 2 2 9 1 79 80 4 4 0 . 00 0 . 0 0 0 5 4 . 2 4 7 . 2 1 2 1 . 9 1 0 6 . 1
1 6 B . 73 3 2 7 9 3 0 5 3 2 7 154 47 0 . 0 0 0 . 0 0 0 4 8 . 8 4 6 . 5 1 0 3 . 6 9 8 . 8
1 6 V . 75 3 2 0 3 2 2 9 1 79 9b 55 43 1 4 . 7 0 2 7 2 4 . 6 22 7 21 1 6 1 . 3 6 1 . 3 1 1 2 . 0 1 1 2 . 0
1 7 0 . 78 3 2 7 9 3 0 5 3 2 7 1 4 4 4 4 0 . 00 0 . 0 0 0 5 0 . 4 5 0 . 4 1 1 4 . 5 1 1 4 . 5
1 7 1 . 82 3 3 0 5 3 5 6 4 21 2 0 U 47 0 . 0 0 0 . 0 0 0 5 4 . 9 5 2 . 5 1 1 5 . 8 1 1 0 . 8
1 7 2 . 84 3 3 3 0 3 56 4 51 2 2 9 51 62 1 9 . 4 0 44 4 1 . 6 37 4 34 5 6 0 . 8 5 9 , 1 1 1 9 . 7 1 1 6 . 2
1 7 3 . 85 3 2 7 9 330 3 5 8 196 55 0 . 0 0 0 . 0 0 0 5 7 . 3 4 3 . 3 1 0 4 . 9 8 8 . 4
1 7 4 . 91 3 1 2 7 1 78 92 32 35 0 . 0 0 0 . 0 0 0 3 5 . 5 3 5 . 5 1 0 0 . 1 1 0 0 . 1
1 7 5 . 9? 3 2 0 3 2 2 9 1 79 99 55 70 1 8 . 6 0 37 3 4 . 4 32 3 30 1 4 1 . 6 4 7 . 9 7 5 . 6 8 7 . 0
1 7 6 . 95 3 1 5 2 178 1 0 5 51 49 60 1 5 . 2 7 30 2 3 . 8 27 1 25 7 4 1 . 6 4 9 . 7 8 5 . 5 1 0 1 . 9
1 7 7 . 96 3 1 62 178 1 05 40 39 0 . 0 0 0 . 0 0 0 3 1 . 2 2 9 . 5 8 0 . 8 7 6 . 6
1 7 8 . 97 3 1 2 7 2 0 3 1 10 34 31 0 . 0 0 0 . 0 0 0 3 0 . 5 3 0 . 5 9 9 . 9 9 9 . 9
1 7 9 . 98 3 1 5 2 178 1 0 5 <♦4 42 0 . 0 0 0 .  0 0 0 4 5 . 9 4 6 . 7 1 0 9 . 0 1 1 0 . 9
180 . 1 00 3 2 0 3 2 2 9 1 79 83 4b 37 1 8 . 5 0 35 3 1 . 4 29 7 2 7 3 5 0 . 5 5 ? . 9 1 0 8 . 7 1 1 3 . 8
181 . 1 4 3 3 0 3 5 b 4 5 1 2 20 49 31 2 2 . 9 0 43 3 3 . 2 34 5 31 2 5 5 . 5 4 3 . 6 1 1 3 . 8 9 9 . 7
1 3 2 . 2 4 3 5 b 381 5 2 1 2 63 50 36 2 7 . 4 0 70 5 3 . 0 45 b 4 2 2 5 3 . 3 4 5 . 0 1 0 5 . 7 8 9 .  1
1 8 3 . 3 4 3 0 5 3 3 0 3 8 7 2 1 8 56 43 2 3 . 6 0 7b 6 0 . 6 50 4 4 4 5 5 9 . 7 5 2 . 6 1 0 5 . 9 9 3 . 2
1 8 4 . 4 4 2 0 3 2 2 9 1 7 9 92 51 49 1 9 . 9 0 5 3 3 9 . 8 35 2 31 9 5 6 . 3 5 6 . 8 1 1 0 . 0 1 1 1 . 1
1 5 5 . 5 4 2 0 3 2 5 4 2 0 2 98 48 23 3 3 . 7 0 5 c 4 b .  4 43 * 4 1 1 5 6 . 6 5 2 . 0 1 1 7 . 6 1 0 8 . 0
1 8 6 . 6 <♦ 1 78 2 0 3 140 67 48 4 4 1 5 . 3 0 2 9 2 7 . 2 24 b 22 9 6 1 . 2 5 5 . 2 1 2 7 . 5 1 1 5 . 0
—  1 8 7 . 7 4 2 0 3 2 5 4 2 0 2 101 50 49 2 0 . 9 u bb 4  9 . 6 41 9 37 9 5 3 . 6 5 1 . 0 1 0 7 . 3 1 0 1 . 9
1 8 8 . 6 <♦ 2 2 9 3 0 5 2 7 9 1 59 57 5 5 1 9 . 2 0 be 4 4 . 8 40 9 36 9 6 1 . 6 5 9 . 0 1 0 7 . 7 1 0 3 . 2
1 8 9 . 9 4 3 0 5 3 5 6 4 2 1 178 42 45 1 9 . 9 0 58 4 6 . 6 37 r 33 3 5 0 . 2 4 4 . 4 1 1 8 . 6 1 0 4 . 8
190 . 10 4 3 5 6 4 5 7 6 4 3 331 51 47 3 7 . 6 0 85 7 5 . 4 69 7 b 4 9 5 5 . 0 4 4 . 5 1 0 7 . 0 8 6 . 6
191 . 14 4 1 2 7 152 75 l b 20 65 l b . 62 34 2 9 .  a 27 c 2 5 9 1 6 . 4 1 6 . 4 8 0 . 2 8 0 . 2
1 9 2 . 16 4 1 2 7 178 92 35 39 47 1 6 . 8 3 3b 3 3 . 2 29 8 27 4 4 1 . 1 4 3 . 5 1 0 6 . 4 1 1 2 . 7
1 9 3 . 22 4 1 5 2 1 78 1 0 5 42 40 41 1 7 . 2 0 b b 3 5 . 4 29 0 2 6 1 4 6 . 1 3 7 . 7 1 1 5 . 0 9 4 . 1
1 9 4 . 27 4 1 52 178 1 0 5 27 26 86 1 1 . **0 C 3 1 9 . 8 17 9 1 7 3 2 5 . 9 2 5 . 9 9 9 . 9 9 9 . 9
1 9 5 . 2 9 4 1 2 7 1 78 9 2 34 37 43 OD G be 3 9 . 0 33 0 2 9 5 2 9 . 3 1 8 . 3 7 9 . 9 5 0 . 1
1 9 6 . 40 4 1 52 2 0 3 1 23 51 41 60 1 8 . 2 0 31 2 9 . 6 27 7 26 5 4 8 . 9 4 7 . 5 1 1 8 . 6 1 1 5 . 2
1 9 7 . 4 4 4 1 5 2 178 1 05 3 6 53 46 1 7 . 2 0 32 2 9 . 0 27 2 25 7 4 3 . 9 5 7 . 8 8 2 . 9 1 0 9 . 0
1 9 8 . 48 4 1 7 8 2 0 3 1 40 60 43 43 1 7 . 9 0 45 3 9 . 0 35 3 31 3 4 4 . 7 3 1 . 9 1 0 4 . 8 7 4 . 7
1 9 9 . 62 4 2 0 3 2 5 4 2 0 2 92 45 43 2 1 . 3 0 4 4 4 2 . 6 40 0 37 1 4 7 . 0 4 0 . 3 1 0 3 . 8 8 9 .  1
2 0 0  . 66 4 2 0 3 2 5 4 2 0 2 93 46 0 . 0 0 0 . 0 0 0 4 0 . 6 3 1 . 5 8 8 . 4 6 8 . 5
2 01  . 67 4 1 78 2 2 9 161 58 36 0 . 0 0 0 . 0 0 0 3 8 . 9 3 9 . 9 1 0 7 . 5 1 1 0 . 5
2 0 2  . 6 9 4 2 2 9 2 5 4 2 2 4 89 40 0 . 0 0 0 . 0 0 0 4 6 . 1 4 6 . 4 1 1 6 . 4 1 1 7 . 2
2 0 3 . 7 1 4 1 5 2 2 0 3 1 2 3 56 46 0 . 0 0 0 . 0 0 0 5 3 . 0 5 0 . 5 1 1 6 . 4 1 1 0 . 9
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APPENDIX M
C om puter P rogram  TDYLPP V
1 0 0 0 .
1 0 1 0 .
1 020 .
1 0 30 . 
1040. 
105Q. 
1100. 
1110. 
1130. 
1140. 
1150. 
1160. 
1170. 
1180. 
1190.
1 200 .
1 500. 
1510. 
1520. 
1530, 
1540.
1 550 . 
1560 . 
2000 . 
200 1 . 
2 0 1 0 . 
2 0 2 0 . 
2030 . 
2040. 
2050. 
2 0 6 0 . 
2070. 
2080. 
2090 . 
2 1 0 0 . 
2 1 1 0 . 
2 1 2 0 . 
2130. 
2140. 
2150. 
2 1 6 0 . 
2170. 
3000. 
3010. 
3020. 
3030. 
3040. 
3050. 
3060. 
3070. 
3080. 
3090. 
3100. 
3110. 
3120. 
3130.
31 40. 
3150. 
3160. 
3170. 
3180. 
3190. 
3200. 
3210. 
3220. 
3230. 
3240. 
3250. 
3260. 
3270. 
3280. 
3290. 
3300. 
3310. 
3320. 
3330. 
4000, *0 1 0.
- 4020. 
4500. 
4510. 
4520. 
4530. 
4540. 
4550. 
4560. 
4570. 
4580. 
4590. 
4700. 
4710.—  
4800. 
4810. 
5000. 
5010. 
5020. 
-5030.
READ A $,84
FILE RESTORE »1 = A $
FILE SCRATCH W IOTH ( 144,144) 4 2 = 8 S
m 1=m 2 = m 3 = m 4 = m‘5 = m 6=m 7 = 0 
V1=V2=V3=V4=V5=V6=V7=0 
B1 =82=8 3 = 84=85 = 86 = 87 = 0 
Z9 = 0 
Z9=Z9*1
IF END #1 GOTO 4000 
IE A2< >8 GOTO 1160
INPUT »l.C,A,B.C,C.C.C.T,C.C,C,C»C,C.C.C,C.C.C.D,E,F,G,H,I,J,K,LIF Z 9=I GOTO 1190 
IF A2<>8 GOTO 4000 
IF Z 9>1 GOTO 1500 
A 1 = A
3 7 0 .
A2 = B
IF D<>0 GOTO 2000 
IF T = 35 GOTO 1540 
B5=B5+L 
GOTO 1110 
M4=M4> l 
V4=V4*L 
GOTO 1110 
IF T=22 GOTO 2120
IF I := 11 GOTO 3000
IF I = a GOTO 3020
IF I 2 7 GOTO 3040
IF I 2 5 GOTO 3060
IF I 2 4 GOTO 3080
IF I 2 1 GOTO 3100
IF G 2 11 GOTO 3120
IF G 2 a GOTO 3140
IF G 2 7 GOTO 3160
IF G 2 5 GOTO 3180
IF G 2 51 GOTO 3200
IF G 2 1 GOTO 3220
IF E 2 21 GOTO 3240
IF E 2 22 GOTO 3260
IF E 2 23 GOTO 3280
IF E 2 24 GOTO 3300
IF E 2 25 GOTO 3320
GOTO 1110
Hl«Ml 40
GOTO 2060 
M2=M2+0 
GOTO 2060 
M3=M3*D 
GOTO 2060 
M4 = M4 + Q 
GOTO 2060 
M5«M5+0 
GOTO 2060 
M6 =M6♦0 
GOTO 2060 
vT=V 1 + 0 
GOTO 1110 
V2=V2+D 
GOTO 1110 
V3=V3+D 
GOTO 1110 
V4 = V4 4 D
GOTO 1110 
V5=V5+D 
GOTO 1110 
V6=V6+D 
GOTO 1110 
81=81+0 
GOTO 1110 
B2=82+0 
GOTO 1110 
83=B3+0 
GOTO 1110
84=84+0 
GOTO 1110 
85=85+0
GOTO 1110
M7=M1+M2+M3+M44M5+M6+.Q0000000001
V7=V1+V24V34V44V5+V64.000000001 
87=81+62+83+844854.0000000000001 
PRINT 0 2 USING 5000 .A2 
PRINT 0 2 USING 5010,Ml,M2.M3,M4.M5,M6,^7
USING 5020.M1*100/M7,M2*100/M7.M3*100/M7.M4»100/m 7,M5*100/M7,M6MOO/M7PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
02
02
02
02
02
02
02
02
USING 50 1 0»Vl ,V2.V3,V4,V5,V6,V7
USING 5020,V1*100/V7,V2*100/V7,V3*100/V7,V4»100/V7,V5*100/V7,V6*100/V7 
USING 5010.81.B2.83,84.85.87
USING 5030.81*100/87 , B2*100/B7,83*100/87.04*100/87,85«100/87
IF END #1 GOTO 4800 
GOTO- 1030 ___________
files
STOP
S LOG HEIGHT CLASS= *
: 000.00 000.00 000 . 0 0  000.00 0 0 0 . 0 0  0 0 0 . 0 0  0 0 0 0 . 0 0
: 0 0 0 .0% 0 0 0 .0 % 0 0 0 ,0 % 0 0 0 .0% 0 0 0 .0% 0 0 0 .0%
: 0 0 0 .0% 0 0 0 .0 % 0 0 0 .0 % 0 0 0 .0 % 0 0 0 .0 %
